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A STUDY IN LIGHT AND SHADE 
. An artist’s rendering of the zone variations in light distribution on an imaginary sphere enclosing a large ornamental 
lantern type of lighting unit, as reproduced from a recently eee method of plotting distribution diagrams 
(See Fig. 8, p. 274) 
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Wheeler-Wainwright Bleeder Heaters at Westport Station, Consolidated Gas, Electric Light 
and Power Co., Baltimore, Md. 


N POEL power plants heat the boiler feed water by steam bled 


from the main unit. 


WHEELER-WAINWRIGHT BLEEDER TYPE FEED WATER HEATERS 
AND GLAND STEAM CONDENSERS 


are built to withstand the conditions of pressure and temperature met with 
in this service. Wainwright heaters may be installed on the discharge side 


of the boiler feed pumps and may be supplied with steam bled from any 


stage of the turbine, whether saturated or superheated. 


The tubes of Wainwright heaters are easily accessible for inspection 
or repair. 


In addition to heaters, the Wheeler Condenser & Engineering Co. 
builds condensers, air pumps, hotwell pumps, circulating pumps, boiler 
feed pumps and make-up evaporators, in short, all the equipment needed to 
transfer the steam from the turbine exhaust back into the boiler. 


WHEELER. CONDENSER & ENGINEERING CO. 


149 Broadway, New York 
Works - CARTERET, N.J. NEWBURGH . N.Y. 
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First Unit of WEYMOUTH STATION, THE EDISON ELECTRIC ILLUMINATING 
CO. of BOSTON, I. E. Moultrop, Ass’t Supt., Bureau of Construction 60000 Kw. 
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The power systems of the country supplied wholly or in part by 
stations built by Stone & Webster serve more than 15,000,000 people. 


Say you saw it advertised in the GENERAL Extectric Review 
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Cleveland’s remarkable 
welding job 


6000 feet of 16-inch 


high pressure steam line 


HAH welded joint has to stand 500 
lbs. test. Five pounds of added metal 

is applied to each joint. 

The welding men naturally chose Page- 

Armco, the most uniform, easiest flowing, 

gas-free rods on the market. It saved 


time—gave them a better job. 


Rods are a small part of welding cost. 
Can you ever afford to take chances— 


PAGE-ARMCO WELDING RODS, 
used to weld 6000 ft. of 16” steel 
pipe 14” thick, pressure steam line of 
the Cleveland Electric Illuminating 
Company, Cleveland 


use any but the best? Try PAGE- 
ARMCO, time the job, and inspect it and 
test it. 


PAGE also makes high carbon rods—rods 
of all types for gas, electric and automatic 
welding. Write for illustrated folder tell- 
ing how better rods cut welding cost. 


No obligation. A card will do. 


Page Steel & Wire Company 


BRIDGEPORT, CONNECTICUT 


District Ofices: Chicago, New York, Pittsburgh, San Francisco 
An Associate Company of American Chain Co., Inc. of Bridgeport 


PAGE 


WELDING RODS 
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Elliott Deaerator of 75,000 lbs. per hour capacity in the 
Detroit Avenue Station of the Toledo Edison Company, 
Toledo, Ohio. 
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Protecting 
100 miles 


of piping 
against 
corrosion 


HE Detroit Avenue 

Station of the Toledo 
Edison Company is the 
largest central hot water 
heating plant in the world. 
It serves approximately 
2000 homes over an area 
of 34% square miles. The 
piping system includes over 
100 miles of underground 
pipe. An extensive field 
where corrosion could 
cause infinite damage! 


The Toledo Edison Com- 
pany protects this system 
by means of the Elliott 
Deaerator installation, 
illustrated. 


Elliott Deaerators offer a complete solution to 
the corrosion problem in boilers, economizers 
‘and piping for any station experiencing corrosion 


troubles. 


ELLIOT 


GENERAL SALES OFFICES AND WORKS 


| JEANNETTE, PA. 
OISTRICT OF FICES:ATLANTA BALTIMORE, 
BOSTON, CHICAGO. CINCINNATI DETROIT, 


Ww YORK. 
N-828a SHILADECPHIA.PITTSBURG. ST.LOUIS 


OMPANY 


EXECUTIVE OFFICE-PITTSBURGH, PA. 


PRODUCTS 
CONDENSERS. AIR EJECTORS. FILTER 
DEAERATORS. STRAINER eSEPARATORS. 
GREASE EXTRACTORS, AUTOMATIC VALVES: 
_BLOW-OFF VALVES,HEATERS + + * 
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Research did it— oy" 


And research is continuing to do it— 
producing a carbon brus h of a pure, 
even and uniform composition. 


The Stackpole Carbon Brush is the 
result of analyses and tests carried 
on by an efficient corps of engineers 
and chemists through a period of a 
long number of years. 

Although the Stackpole Brush is 
generally conceded to be of the first 
rank, it is not the ultimate in carbon 
brush manufacture. 


The electrical industry is continually 
developing; and to meet this growth 
our laboratories are incessantly 
experimenting and remedying diffi- 
culties that are confronting our 
customers. 

For whatever requirement you have 
in mind—or will have—a Stackpole 
Carbon Brush will meet that need in 
a most gratifying fashion. 

Write for your copy of Stackpole 
Catalog No. 8. 


Stackpole Carbon Co. 


St. Marys, ; Penna. 


tackp ole carbon brushes 
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New Departure 
Ball Bearings 


Seaee 


~ BALL BEARINGS— > 


the Latest Achievement in Motor 
Economy 


EW DEPARTURES are as long lived as the motors 
themselves. They can be housed to permanently pre- 
vent the leakage of lubricant or entrance of abrasive 

foreign material. 


From these two basic superiorities follow many additional 
advantages: 


The motor has a longer life because the rotor cannot rub on 
the stator. 


The motor shaft and rotor are always in correct position, 
maintaining highest efficiency and power-factor. 


The lubricant stays in the bearing closure, keeping insulation 
free of oil, giving exceptionally long life to the windings. 


The motor has a lower maintenance cost. Important economies 
are effected in upkeep expense because lubricant need be sup- 
plied only at infrequent intervals. The motor seldom needs 
cleaning. Rewinding expenses are practically eliminated. 


The surface of the motor is free from oil which would damage 
material in process. 


New Departure Ball Bearings permit a very compact motor 
design because of minimum space occupied along the shaft, 


THE NEW DEPARTURE MANUFACTURING COMPANY 
Detroit Bristol, Conn. Chicago 
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facility for research, have striven to improve both 
material and design, and to determine, from study 
of operating conditions, the particular design best 
fitted to given loads and given climatic conditions. 


The results of these thirty years’ experience are 
embodied in the following pages.” 
This new Locke catalog, in stiff cloth bind- 
ing, containing 254 pages, is now ready for 
distribution to consulting engineers, chief 
executives of operating companies and elec- 
trical engineers and officials engaged in the 


aha new catalog surpasses all previous 
attempts to lay before you a comprehen- 
sive listing of Locke products. 

It is more than a catalog. It is a valuable 
reference work on the subject of porcelain 
insulators. It gives up-to-date specifications 
and tests, together with mechanical and 
electrical data, on all Locke standard insu- 
lators, as well as complete information on 
hardware, protective devices and other 


equipment for every insulation requirement. 


A summation of the contents of this 
catalog is concisely given in the foreword:— 


“Locke porcelain was first marketed in 1894. 
For thirty years Locke engineers, with every 


electrical industry who have a real need for 
the information contained in this book. 

Kindly clip the coupon indicating your 
oficial position, or write us on your business 
letterhead. 


LOCKE 
INSULATOR 
CORPORATION 


Maryland Trust Building 
Baltimore, Maryland 


Kindly send to the undersigned your new come 
No. 25 on Locke Insulators. It is understoo 
that this involves no obligation and that the 
catalog will be sent to me free of charge. 
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From Ore 
to Finished Product 


Operating Mines, Smelters, Refiner- 
ies and Wire Mills, Anaconda safe- 
guards the quality of its Copper Wire 
at every stage—from mine to consumer. 
Five modern mills assure prompt 
delivery throughout the country. 


ANACONDA COPPER MINING CoO. 
THE AMERICAN BRASS COMPANY 
Rod, Wire and Cable Products 
General Offices: 25 Broadway, New York 
Chicago Office: 111 W. Washington St. 


Mills: Ansonia, Conn., Waterbury, Conn., 
Hastings-on-Hudson, N. Y., Kenosha, Wis., 
Great Falls, Mont. 


advertised in the GkNERAL ELectric Review 
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| For Maximum Economy 


| Your Compressor Must Operate Efficiently 
at Full and Partial Loads 


The Patented 5-step Automatic Clearance Control which 
regulates the air output of Ingersoll-Rand Compressors as- 
sures this economy. With this method of regulation, a 
constant-speed motor-driven compressor delivers only the air 
required to meet the existing demand. 


Your compressor should have sufficient capacity to deliver 
maximum volume of air when needed. However, this max- 


imum is rarely the average volume required for any day of 
the year. The real economy of your compressor is its ability to 
operate efficiently when working at underload points. You 
are assured of this with the 5-step Automatic Clearance Con- 
trol, because the compressor operates at full, three-quarter, 
one-half, one-quarter or no load, and the horsepower required 
at any load point is in proportion to the air delivered. 


The Operation of the Clearance Control is Automatic 


With the Clearance Control it is not necessary to anticipate 
changes in the air required. Its action is entirely automatic, 
being governed by changes in the air receiver pressure. 


Bulletin 3226 describes Ingersoll-Rand _ direct-con- 
nected, motor-driven compressors. It tells all about 
the Clearance Control. Send for your copy now. 


INGERSOLL~RAND COMPANY~11 BROADWAY NEW YORK CITY 
Offices in principal cities the world over 
FOR CANADA REFER: CANADIAN INGERSOLL RAND CO. LIMITED, 260 ST JAMES STREET MONTREAL QUEBEC. 


17/69 
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Ringsdorff ET-10 


prices reduced 


SUBSTANTIAL reductions have been 
made in the prices of the famous 
Ringsdorff ET-10 brushes. Thus we 
are reducing the operating costs of 
those who are already regular users of 
this grade on the rings of their rotary 
converters. Those who have wished 
to realize the advantages of this re- 
markable brush, but hesitated because 
of the initial cost, now may order 


Ringsdorff ET-10. Atits former price, 
Ringsdorff ET-10 was the choice of 
many discriminating operators who 
demanded the best. At its new low 
price, and because of its proved 
quality, Ringsdorff ET-10 brushes 
will gain even wider popularity for 
rotary converter service. 

Their prices will be quoted on re- 
quest. 


Our Sales Engineers are eager to serve you 


National 


Pyramid Brushes 


Manufactured and guaranteed by 


MooimeorAL CARBON. COMPANY, 


Carbon Sales Division 


Cleveland, Ohio 


INC. 


San Francisco, Cal. 


Canadian National Carbon Co., Limited, Toronto, Ontario 
Emergency Service Plants 


CHICAGO), ILL. 
551 West Monroe St. 
Phone, STAte 6092 


PITTSBURGH, PA. 
7th Floor, Arrott Power Bldg. No. 3 
Barker Place 


NEW YORK, N. Y. 
357 West 36th St. 
Phone, LACkawanna, 8153 


Phone, ATLantic 3570 
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I. P. Morris Department 


The Wm. Cramp & Sons Ship and Engine Building Co. 
Richmond and Norris Sts., Philadelphia 


New York Office—100 Broadway 


Birmingham Office—American Trust Building 


Some of the Recent Contracts for I. P. MORRIS HYDRAULIC TURBINES 


include the following 


MANUFACTURED IN PHILADELPHIA MANUFACTURED IN MONTREAL 
No. of Horse Power Head No. of Horse Power Head 
Units Per Unit In Feet Units Per Unit InFeet 

Moreau Manufacturing Corp. 

(Feeder Dam Development) 5 1500 15.5 Spruce Falls Company, Limited 1 2500 25 
St. Croix Paper Co. 1 4550 48 East Kootenay Power Company 2 7500 190 
Kentucky Hyro Electric Co. . Northern Ontario Light & Power Co. 

(Dix River Development) 3 9850 220 (Matabitchouan Plant) 4 3300 305 
Roanoke Rapids Power & Light Co. 1 3200 30 Montreal Light, Heat & Power Cons. 
Niagara, Lockport & Ontario Power Co. (Cedars Plant) 4 11300 30 

(Lighthouse Hill Project) 2 5250 62 Montreal Light, Heat & Power Cons. 
Northern New York Utilities Co. (Cedars Plant) 2 1500 30 

(Soft Maple Development) 2 10500 J21.5 Price Bros. & Company, Limited 1 11000 72 
Great Northern Paper Co. Howard Smith Paper Mills, Limited 2 350 8 

(Anson Plant) 1 1500 20 Hydro-Electric Power Commission of Ontario 
Illinois Northern Utilities Co. (Queenston Chippewa Development) | 58000 294 

(Dixon Plant) 4 800 8 St. Maurice Power Company 4 30000 60 
Middle West Utilities Co. 1 800 8 Rolland Paper Co., Ltd. 1 750 20 
Phoenix Utility Company Northern Canada Power Co. 5 10000 70 

(Wallenpaupack Creek) 2 28500 330 Hollinger Gold Mines, Ltd. Z 12000 60 
Merced Irrigation District Southern Canada Power Co. 6 5600 50 

: (Exchequer Power Plant) 2 24500 300 Northern Aluminum Co. 6 3450 136 

Gifu Electric Power Company Hydro-Electric Power Commission of Ontario 

(Aso Station) 3 13000 169 (Queenston, Chippewa Development) | 58000 294 
Phoenix Utility Company Southern Canada Power Co., Ltd. 

(Cutler Development) 2 21500 124 (Drummondville Development) Z 6000 50 
Great Northern Paper Company fl 2400 49 Canadian Pacific Railway Company 

(Dolby Mill) ie 1800 49 (Lake Louise Plant) | 440 108 


1,169,950 Horse Power to be Delivered by I. P. Morris Turbines Contracted for 
Since January 1, 1922 


I. P. Morris Hydraulic Turbines Installed and under Contract have a total Capacity 
of 3,844,180 Horse Power 


Designers and Builders of the Johnson Hydraulic Valve and the Moody Special Pump 
ASSOCIATED COMPANIES 
THE PELTON WATER WHEEL CO., SAN FRANCISCO AND NEW YORK 
DOMINION ENGINEERING WORKS, LTD., MONTREAL CANADIAN LICENSEES 
SOCIEDADE ANONYMA HILPERT, RIO DE JANEIRO, BRAZILIAN LICENSEES 
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MILLIKEN STANDARD RADIO 
: TOWERS, 300 FEET HIGH, SUP- 
| | PORTING ANTENNAE FOR 
pee GENERAL ELECTRIC COM- 
PANY BROADCASTING 
STATION, SCHENEC- 
\ TADY,N. Y., ERECTED 
IN 1924 
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ILLIKEN Standard Radio Towers, 300 feet high, are being used by the General Electric Company 
at its new experimental broadcasting station, Schenectady. These towers were selected by 

the leading broadcasting station in the world for stability, reliability, long life and economy, to secure 
the best results in long distance service. 

The General Electric Company leads in all electrical development and specialized broadcasting 
equipment. This station represents the last word in experimental broadcasting. 

MILLIKEN Standard Radio Towers are hot galvanized throughout. They are carried in stock for 
immediate shipment and are furnished in heights ranging from 66 feet to 300 feet. 


Milliken towers are used also at such important broadcasting stations as— 


WPG —Municipal Station, Atlantic City, N. J. WHAZ—Rensselaer Polytechnic Institute, Troy, N. Y. 
WEAF—American Telephone and Telegraph Co., New York WMAF—Round Hills Radio Corporation, Dartmouth, Mass. 
WSAI —United States Playing Card Co., Cincinnati WCX —Detroit Edison Co., Detroit 

WEEI —Edison Electric Illuminating Co., Boston WGBS —Gimbel Brothers, New York 

WBZ —Westinghouse Electric & Mfg. Co., Springfield, Mass. WAHG—A. H. Grebe Co., Brooklyn, N. Y. 


Catalogs in English and Spanish will be furnished on request. 


MILLIKEN pee MEG. CO., Inc. 


2341 Woolworth Building - - New York, N. Y. 
Also, Manufacturers of Transmission Towers and MILLIKEN BUILDINGS 
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150-H.P. Morse Silent Chain driving Jordan engine. 


Getting the most value 
from the motors 


In the installation shown, as in 
hundreds of others, Morse Silent 
Chain Drives are depended on 
for continuously transmitting 
98.6% of the developed horse- 
power and therefore getting the 
utmost value from the driving 
motors. 


Morse drives permit any speed 
reduction in a single drive— 
for this reason less expensive 
standard high-speed motors can 
often be used. 


Morse Silent Chain cannot slip, 
they run quiet at all speeds and 
are sufficiently elastic and flex- 
ible to absorb or cushion all 
shocks due to sudden overloads. 


Let the Morse Engineer give 
you complete information. 


ITHACA, N. Y. 


INFORMATION 


On every electrical subject 
arranged in HAN DY 
FORM under these 
headings:— 
Electro-Therapeutics — Electric 
Shocks X-Rays Welding 
Brazing — Soldering — Heating 


Motion Pictures—RADIO—Radio 
Hook-ups—Telephone—Telegraph 
— Electric Bells — Cranes — Ele- 
vators — Pumps — Electric Ship 
Drive— Electric Railways—Elec- 
tric Vehicles. 

Automobile Starting and Light- 
ing System—I gnition—Generation 
and Transmission—Electric Tools 
— Plant Management — Power 
Station Plans — ARMATURE 
WINDING—Armature Repairing 
—A.C. Motors— Alternator Con- 
struction — Alternators — D. C. 
Motors—Dynamos — Magnetic In- 
duction —WIRING —Wiring Dia- 
grams—Electric Lighting — Sign 
Flashers—Cable Splicing— Power 
Wiring— Underground Wiring— 
Outside Wiring—Wiring Finished 
Buildings—Tests. 

A. C. Apparatus (Switch De- 


vices; Current Limiting; Light- 
ning Protection)—Rectifiers—Con- 
verters — Transformers — Power 
Factor —‘Alternating Currents — 
D. C. Apparatus (Switches ; Fuses; 
Circuit Breakers ; Rheostats ; 
Watthour Rules) — Electro Plat- 


ing— Electrolysis — Storage Bat- 
teries — Magnetism — Electrical 
Energy — Conductors — Insulators 
— Static Electricity — Dynamic 
Electricity — Magnetic Electricity 
—Radio Electricity— Recent Ap- 
plications — Ready Reference — 
Index on all subjects 


APRIL, 1925 


COMPLETE 
IN 1 VOLUME 


/ BS 

| FREE EXAMINATION 
| 

| 
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$1 PER MONTH 
IF SATISFIED 


OF PRACTICAL ELECTRICITY 


Here is an up-to-date, quick 
Ready Reference. It gives com- 
plete instruction and_ inside 
information on every electrical 
subject. Every point clearly 
explained in plain language and 
diagrams that are easily under- 


stood. Handy touse. Easy to 
learn from. Subjects arranged in 
progressive manner for the student 
and with complete index which gives 
information instantly to professional 
workers. A time saver, money saver, 
and a helping hand for Engineers, 
Professional Electricians, Students 
and all interested in electrical work. 


Handsomely Bound in Flexible 
Red Leather 


Audels Handy Book is a magnificent 
volume that you will be proud to 
ownand carry with you. Gilt Edged. 
Durable real leather binding. 1040 
pages of strong white paper. Large 
Type. 2600 illustrations and dia- 
grams. A mine of information and 
a most unusual value at only $4. 
Send no money. Pay nothing to 
postman, 


Use this coupon, NOW! 


There is a Morse Engineer near you 


Atlanta, Ga. 
Baltimore, Md. 
Birmingham, Ala. 
Boston, Mass. 
Charlotte, N. C. 
Chicago, IIl. 
Cleveland, Ohio 
Denver, Colo. 
Detroit, Mich. 


Minneapolis, Minn. 
New York City 
Philadelphia, Pa. 
Pittsburgh, Pa. 

San Francisco, Cal. 
St. Louis, Mo. 
Toronto, Ont., Can. 
Winnipeg, Man., Can. 


POXONCR/ OXG O/ OXO8 
PDL PLU LI 


2179-30 


ia i{ 32am =6Theo. Audel & Co., 65 West 23rd St., New York 
EXAMINATION Please send me AUDELS HANDY BOOK OF 

PRACTICAL ELECTRICITY for free examination. 
COUPON Wei satisfactory, I will send you $1 in 7 days, then $1 
monthly until $4 is paid. 


Olcott pation na. 2.0ciie3aoen ce et ee cee eae aes oc eg 


Employed ‘by -2s.c2--<5 ett censors GE 
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Induced Draft Fans 


WING to the severe nature of induced 

draft service, fans for that work must be 
very strong, heavy, perfectly balanced, and 
well lubricated. Users of Buffalo single and 
double width induced draft fans enjoy all 
the advantages of modern design; including 
new, specially-designed water-cooled bearings, 
special oiling facilities, extra heavy shafts, and 
unusually compact, rigid rotors. A remov- 
able section of the scroll plate is provided, and 
the inlet connections are made so that rotor 
and shaft can be taken out without having to 
disconnect or remove the fan from its founda- 
tion. 


The pressure characteristic of Buffalo fans 
follows exactly the draft requirements for 
varying loads, and their efficiency is unusual. 


Write for our new catalog on Mechanical 
Draft Apparatus and learn more about these 
fans. 


BUFFALO FORGE COMPANY 


170 Mortimer St. Buffalo, N. Y. 


i Mechanical 
Draft Apparatus 


FORCED AND INDUCED DRAFT FANS 
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KEEPING DOWN 
THE COST OF 
LUBRICATION WITH 
KEYSTONE 
GREASE CUPS 


Sent FREE without 
obligation this x x 


LIBRARY ON 
LUBRICATION 


HESE three treatiseson plant 

lubrication may not interest 
you, but hundreds of executives 
the country over have found in 
them what they have been seek- 
ing. Suggestions for cost reducing, 
practical plant operating ideas 
will be found between their covers. 


These books are just off the 
press. New! Interesting! Free! 
The editions are limited; so we 
suggest using the convenient re- 
minder blank below—now! 


KEYSTONE LUBRICATING Co., 
PHILADELPHIA, Pa. 

GENTLEMEN: If it does not obligate me in any way, send 
me your helpful, interesting ‘“‘Library on Lubrication.”” My 
name, company name and address are written below in the 
margin of the magazine. 
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EWPORT NIEWS RACK RAKE 


WiLL SOLVE YOUR TRASH PROBLEMS 


One customer recently stated ‘We 
now have no trash problems.” 


He has four Newport News rack rakes 
operated by one man and a helper, 
drafted from his regular power house 
force. Formerly he employed from 20 
to 30 extra men during high water 
periods to hand rake continuously and 
even then was unable to keep ahead of 
the trash. 


Builders of large hydraulic turbines and accessories, including butterfly valves 
and headgates, with operating gear; electrically welded trash racks, penstocks, 
surge tanks, etc. 


NEWPORT NEWS SHIPBUILDING AND DRY DOCK COMPANY 
DEPT. G.E. NEWPORT NEWS, VA. 


= = 
~ PRECISION 
StL LD roiier BEARINGS 


WHERE THE SERVICE IS HARDEST 


There is the place where ‘‘Hoffmanns’’ reveal 
their true worth—simple, rugged, powerful 
bearings equal to any demand. Speed qualities 
adequate for all requirements —anti-friction 
qualities comparable with the best ball bear- 
ing—steady load capacity beyond that of any 


ball bearing—a large overload capacity, as in 
starting or under sudden load changes—ability 
to withstand shock, jar and vibration—these 
are distinctive ‘‘Hoffmann’’ qualities which 
no machinery builder can afford to ignore, in 
making his product up to a standard. 


NYRMA~HOVFFMANN 
BEARINGS CORPORATION 


Stamford — Connecticu t 
PRECISION BALL,RYLLER AND THRUST BEARINGS 
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‘cooler turbine bearings 


The G-R Multiwhirl Cooler 
efficient—compact—durable 


Over 2000 in use 


Send the coupon for full information 


THE GRISCOM-RUSSELL ae ee 


2140 West St. Building, New York 


BRANCHES IN PRINCIPAL CITIES 


—— a ee 


THE Wei MAN-SEAVER-Morcan Co | 
Cleveland Oh. USA 


ff i, — 
Mi 
$11,160.00 SAVED PER MONTH 
By the use of the W-S-M Revolving Car Dumper! 
An interesting story is contained in this Report. 


A copy furnished executives upon request 


The Wellman-Seaver-Morgan Company 
Cleveland, Ohio, U.S. A. 
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@) Electrical Equipment 


Steam Turbines 
Turbo-Generators Onis Company manufactures 
Turbo-Alternators 

Power Station Switchgear 


electrical equipment for every 


service, ranging from the smallest 
Rotary Converters 


SUES taleresinithieas lamp to the largest electrical 
Industrial Motors machinery manufactured in the 
Industrial Switchgear United Kingdom. 


Electric Locomotives 


The British Thomson-Houston Co., Ltd. 


Electrical Engineers and Manufacturers 
Head Office: Rugby, England London Office: ‘‘Crown House,’’ Aldwych 


Investment Bankers 


are offered 


Power and Light Securities 


issued by companies with long records of sub- 
stantial earnings. 


We extend the facilities of our organization to 
those desiring detailed information or reports 
on any of the companies with which we are 


identified. 


Electric Bond and Share Company 


(Paid-up Capital and Surplus $70,000,000) 
71 Broadway - - - New York 
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ELECTRIFICATION PAYS 


In contrast to the steam locomotive, the 
electric locomotive is capable of hauling any 
weight of train at any speed permitted by 
strength of draft gear and alignment of track. 
There are no inherent limitations in the 
application of motors to driving wheels which 
handicap the construction of electric loco- 
motives. Power units far in excess of the 
needs of train operation as now conducted 
could therefore be built without departure from 
present standards of electric construction. 
Future transportation requirements with 
regard to both train weights and speed on 
any gradient will not be restricted by any 
inherent limitations of electric motive power. 

The economic side of steam road electri- 
fication is now presented in detail in the 
complete report of President Byram covering 
an analysis of steam and electric operation on 
646 miles of the St. Paul main-line track. 
An abstract of this report and comments on 
the electrification appear in the articles on 
pages 218 and 229of this issue. The publication 
of these data is especially timely as it clears up 
any doubt that may exist as to the part 
played by electrification in the financial 
difficulties through which the St. Paul road 
is now passing. Electrification, as shown, has 
reduced operating costs by more than $19,- 
000,000 in 8% years as compared with 
calculated steam costs under the same 
conditions. Even after deducting interest 
and depreciation charges on the $15,000,000 
addition to capital account, there is a net 
saving of over $12,000,000 to be credited to 
electric operation. This showing is all the 
more remarkable as the period of operation 
covers 814 years of the Montana Division and 
less than 5 years of the Coast Division. 


a 


Furthermore, the volume of tonnage during 
this period has been small measured by the 
standard of many other railroads and much 
below expectation, except during the year 
1919. The economic benefits resulting from 
electrification would have been much greater 
on more congested tracks, and the report 
holds a most attractive promise of gratifying 
return upon the investment for electrification 
of other roads enjoying a fair volume of 
tonnage per mile of track. 

To the many foreign commissions and to 
various individual consulting engineers in 
this country and abroad, the results pub- 
lished in Mr. Byram’s report will be most 
illuminating. 

The analysis of operating costs on the 
Chicago, Milwaukee and St. Paul electrifica- 
tion is of particular interest, since this was 
the first 3000-volt direct-current installation. 
The performance of 3000-volt equipment has 
also been highly satisfactory in subsequent 
installations, notably on the Paulista Railway 
in Brazil. To American railroad men these 
operating costs are of course much more 
convincing than those obtained on foreign 
roads where labor and material conditions are 
vastly different. 

Although the electric locomotive demon- 
strated its ability to handle heavy main-line 
trafic more than 20 years ago, conditions 
have been such that only a few of the many 
railroad companies have published com- 
prehensive operating data. It is to be hoped 
that with the gradual increase in the extent 
and the number of electrified railroads more 
data of this kind will become available upon 
which indisputable recommendations can be 
based. 


214 April, 1925 


GENERAL ELECTRIC REVIEW 


Vol. XXVIII, No. 4 


Farm Electrification in New York State 
By Owen D. Younc 


CHAIRMAN OF THE BOARD OF DIRECTORS, GENERAL ELECTRIC COMPANY 


In view of the awakening of public interest in rural electrification, we are reproducing below an abstract 
of Mr. Young’s speech of April 6th before a meeting of representatives of farm, university, and electric public 
utility organizations held under the auspices of the Empire State Gas and Electric Association at Albany, N. Y. 
In reading it, cognizance should be taken of the fact that many of the statements made in reference to New 


York State apply equally well elsewhere-——EpIrTor. 


The electrification of the farm requires the 
co-operative effort of the farmer, the electric 
light and power company, and perhaps most 
of all, the electrical manufacturer. The 
problem is difficult, but it must be solved. 
Farms must be made attractive as a place to 
live, and profitable as a business. Their 
produce must be made as abundant and cheap 
as modern devices and inventive genius can 
make them, in order to guarantee our food 
supply. Asa social problem, life on the farm, 
and particularly in the farm houses, must be 
relieved of its exhausting drudgery through 
the application of electric power, just as we 
have relieved its desolating lonesomeness by 
the telephone, the automobile, the motion 
picture, and most of all, by the radio. 

The farm can be and is being made the 
best of all places in the world to live. The 
business of farming must be made to yield 
profits commensurate with other business. 
I welcome that Monday morning when the 
electrically-driven milking machine shall have 
milked the cows; the electrically-driven 
separator shall have produced the cream; 
the electrically-driven churn shall have made 
the butter. At the same time in the house, 
the electrically-driven washing machine shall 
be automatically doing its work while break- 
fast goes on and we shall have sunny, bright, 
and happy Mondays in place of the old blue 
ones. And they were blue, and rightly blue in 
the old days with the milk coming into the 
house from the barn; with the skimming to 
be done, and the pans and buckets to be 
washed; with the churn waiting attention; 
with the wash-boiler on the stove while the 
wash-tub and its back-breaking device, the 
wash-board, stood by; with the kitchen full 
of steam; the breakfast cooking in progress, 
and one pale, tired, and discouraged woman 
in the midst of this confusjon. Hungry men 
were at the door anxious to get at the day’s 
work. Blue were those Mondays indeed. 

“How to Electrify the Farm?’ can be 
solved only by answering four other questions: 

1. What can the farmer do? 

2. What can the power company do? 

3. What can the manufacturer do? 

4. What can the State do? 


What Can the Farmer Do ? 

First, let us see what the farmer can do. 
Above all, he must be interested in his busi- 
ness. He must be open-minded, and hungry 
to find new methods by which he may make 
his undertaking both more pleasant and more 
profitable. Pride in the advancement of his 
business, and the initiative to advance, are 
essential. Leadership must come from the 
men who own and live on their farms and 
take pride in their business. The farmers 
should insist upon the study of electrification 
by their agricultural schools and colleges, by 
their farm organizations, and require a 
constant and unending publicity of the re- 
sults of such studies through their farm jour- 
nals. They should welcome study by the 
power companies and the manufacturing 
companies, and should co-operate with them 
to work out practical plans to get effective 
results. In each community, they should 
endeavor to develop a universal sentiment 
in favor of a power supply and general agree- 
ment to take the service in order that rights- 
of-way may be economically obtained, and 
the cost of service distributed over the largest 
possible number of customers. Both the 
automobile and radio are later developments 
than electric light and power. They have had 
wide sale among farmers. It is probably 
explained by the fact that these may be 
individually bought, whereas electric service 
requires co-operative group action. The 
farmer is too much of an individualist to be a 
good co-operator. He must learn to co- 
operate if he is to get electric service. To 
sum up, I ask the farmer to show the same 
initiative in the development of his business 
that the manufacturer does. I ask him to be 
open-minded as to new methods and to show a 
readiness to abandon the old. I ask him to 
learn to co-operate with his neighbors for 
their mutual benefit, as well as to act individ- 
ually on his own account. I ask him to exert 
both economic effort and his political influ- 
ence to create such favorable conditions for 
the supply of electric service as to insure 
proper results. 

The one point I want to make to the farmer 
is that the manufacturing companies may 
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produce devices, the electric power companies 
may bring electricity to his door, but the 
question remains with the farmer whether he 
will put it to work. It is he, in the last 
analysis, who must say whether or not elec- 
tricity is to be used in agriculture. 


What Can the Power Company Do? 


The power company can show such interest 
in the study of the needs of the farmer as a 
potential customer as it has heretofore done 
so effectively with reference to industrial and 
commercial customers. When the great ham- 
mers of a steel works needed power, the electric 
power man was there with his motor and his 
wire. When the coal mines were using mules 
to haul the coal to the surface, he was there 
with his electric locomotive, his elevator, and 
his wire, and he put the poor mule out of 
business. When the textile and other similar 
mills were full of belts and shafting, impairing 
light, creating noise, and endangering life, 
he was there to relieve the situation with his 
individual motor and his wire. When the 
bake shop needed ovens, he was there with 
his heating devices and his wire. When the 
stores needed light, he was there with his 
highly developed specialized lamps and his 
wire; but when the cows were to be milked, 
when milk was to be separated, when the 
cream was to be churned, when the curd was 
to be cut, when silos were to be filled, when 
grinding machines were to be run, unfor- 
tunately the electric power man was not 
there with his motor and his wire. He 
has been largely interested in serving these 
other larger consumers in more concentrated 
areas. Iam not criticizing the power com- 
. panies for what they have failed to do. 
I am commending their spirit of today. 
Their achievement in this country as com- 
pared with the development in any other is 
one of the outstanding testimonials to the 
energy and ability of the men who have 
directed this great industry. All I wish to 
say to them is that, having made such 
progress in these other fields, and having 
from necessity so long neglected the agri- 
cultural need, the time has come when 
they should now give special attention and 
study to agricultural problems and to ways 
and means of furnishing agricultural service. 
They should create agricultural departments 
with men who not only know the electrical 
business, but who know the farming business. 
It will not do for the electric power companies 
to send men to the farms who do not know on 
which side of the stanchions to install a 
milking machine. One reason why the farmer 


has not been open-minded is because the 
people who have been trying to sell him 
electric service have really known nothing 
about his needs. 

Just as the electric light and power com- 
panies now have Industrial Departments, 
they should, in the future, have Agricultural 
Departments. These departments should be 
in the hands of men familiar not only with 
electricity, but with farming. They should be 
in close touch with the agricultural schools 
and colleges. They should be working through 
co-operative committees, such as the Joint 
National Committee on the Relation of Elec- 
tricity to Agriculture and the New York Rural 
Lines Conference Committee. This New York 
Committee is composed of representatives 
from the State College of Agriculture at Cor- 
nell, the New York Farm Bureau, the State 
Grange, the Home Bureau, and the Empire 
State Gas and Electric Association. In my 
judgment, the power companies and the manu- 
facturing companies should aid the work of 
this Committee, not only with skilled men, 
but by providing it with such funds as may 
be necessary to enable it to do its job. 

Now, again, let me say a word about what 
I conceive to be the increasing obligation 
of power companies to supply service to 
the smaller communities and the agricultural 
districts. Twenty-five years ago the light 
and power companies did a local business in 
each municipality. A generating station 
suited to the size of the community in which 
the franchise was granted, and a distributing 
system adequate to cover its needs was a 
power company. Within that community, 
it was their privilege and their obligation to 
supply service to its citizens. Each individual 
service might not be wholly profitable, but 
if the earnings from the community as a 
whole showed a fair return on the capital 
invested there, the power company was satis- 
fied. Today, a change has occurred in that 
business. The art has developed and the 
industry has extended with the art. It has 
been found that it is in the interest of the 
industry as well as of the community to have 
great central power stations, favorably lo- 
cated, supplying a large territorial district 
comprised of many communities, in place of 
the small individual plants for each com- 
munity. The cost of power supply is reduced 
through these larger and more economic gen- 
erating units. It has been found of advantage 
to the power companies to diversify the load 
by the different uses to which power is put in 
different communities at different times of the 
day. This, too, is of advantage to the power 
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companies in that it makes their investment 
more productive. When, however, great dis- 
tricts are served by a single power company, 
when great power transmission lines are run 
through rural communities in order to connect 
one city with another, when the farms and 
small villages find that they can not tap 
these lines for service which run directly by 
their door, they begin to ask, and, in my 
judgment, properly ask why if they are 
a part of this great integrated power district, 
they should not have their service too. In 
other words, I think the power companies 
must remember that when they extend 
their operations over wider areas, and put 
their network of power lines over large dis- 
tricts, they take on an obligation to serve 
the people of the district in which they have 
the privilege of operating. This does not mean 
that they can run a service line to the last 
farm, or even the last village in that district, 
but it does mean that they must view their 
obligation as they have always done, as one 
having two aspects, one economic, and the 
other social. The company must neither ride 
the economic hobby to the point where its 
service is not generally available in the com- 
munity, nor, on the other hand, can it ride the 
social hobby as some loud-speaking and vi- 
sionary persons outside of the industry urge, 
to the point of financial bankruptcy. Wise 
human judgment must be exercised in the 
service of the citizens of the district in which 
the company operates, and I am happy to say, 
for the most part, the power companies have 
exercised such judgment, and that accounts 
largely for the high favor in which they are 
held and the stability of their business and their 
securities. I have never contended that a small 
plant in a small village, whose duty it was to 
supply the village, had any obligation to run 
a line 15 miles in the country to supply the 
farmers along that line. What I do say is that 
if a company sees fit to connect up 40 or 50 or 
100 such cities and villages in its own interest, 
then its obligation, subject to the economic 
limitations mentioned earlier, is to supply 
that whole district electrically, not the 
cities alone, but the villages and agricultural 
areas as well within the field of their opera- 
tions. 

The fundamental limitation under which 
the power company can supply these services 
to the whole community is that the rates 
should be such that the earnings from the 
community as a whole will yield a fair 
return on the investment of the power 
company as a whole.: Therefore, in my judg- 
ment, the rates should be studied from this 
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point of view. The Public Service Commis- 
sions should co-operate, and even insist, 
upon their establishment. Rates so far as 
possible should be simplified. The slide rule 
after all is not as unerring as the engineer 
sometimes thinks, especially when we have 
to apply it to the social needs of a commu- 
nity in which human understanding and 
human sympathies must be mingled with 
economics and mathematics in order to get a 
practical result. 

So I ask the power company which extends 
its lines over great areas and connects up 
many cities and towns to regard the farmer 
within that territory as one to whom it owes 
an obligation. If the power companies will 
recognize such obligation, then I ask them to 
study the farmers’ needs and within every 
reasonable economic limitation to supply the 
service. 


What Can the Manufacturer Do? 

Now as to the manufacturer. He, too, is 
subject to the indictment of want of interest. 
He has sought to apply electricity to every- 
thing in the world except the farm. He has 
spent enormous sums on research and engi- 
neering to find out how to make industries 
more productive and economical. He has 
been unremitting in his toil to apply elec- 
tricity to transportation, both on sea and 
land. He has been constant and devoted in 
his attention to every kind of device to make 
the turn-over and marketing of goods quicker 
and simpler and more profitable. I say the 
manufacturer has not yet met by sufficient 
expenditure of energy or money the problem of 
the farmer. Without electrical machinery 
adapted to farm use, the farmer cannot extend 
the use of electricity to his profit. Unless he . 
can extend it to his profit, he will not use it, 
and unless he becomes a substantial con- 
sumer of power, it will be economically 
impossible for the power companies to supply 
the service. Therefore, the manufacturing 
companies must endeavor to develop these 
agricultural applications. The farmer must 
be open-minded enough to use them, and if 
these two things are done, the power com- 
panies, I am sure, can and will provide the 
lines. It is the manufacturer’s job and his 
responsibility, and, so far as I am able to 
speak for the great concern with which I am~ 
proud to be connected, I pledge you now its 
co-operation and its effort in trying to answer 
the question before us. 


What Can the State Do? 
And now as to the State. What can it do? 
This is one field in which I have not had ex- 
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perience. Let me be very specific now and 
address myself to the State of New York. 
Nowhere else in the world are there such 
resources of waterpower contiguous to so 
great a market. The God-given storage of the 
great lakes and the drainage area of half a 
continent is collecting water and equalizing 
its flow over the falls of Niagara and down the 
rapids of the St. Lawrence, all for the eco- 
nomic benefit of the State of New York. All 
we have to do is to take advantage of it. 
Nature has done her share. Relatively small 
developments have been made. Millions of 
horse power run to waste every year. This 
waste takes place, not because the electrical 
art and industry can not harness these great 
powers; not because they are too timid to 
try. The record is that they have sought and 
are seeking the opportunity to develop these 
powers but as yet no adequate permits have 
been given. In addition to the great powers 
on the boundary streams, which are capable 
of carrying base load operations of the State, 
we have smaller powers in the Adirondacks, 
on the Genesee, and on the Delaware, which, 
with adequate storage, could be developed to 
carry the peak loads which occur at different 
hours during the day. These powers can be 
laid down on great busbars throughout the 
State and made available everywhere within 
the State. What would it mean to the 
Mohawk Valley if a million horse-power were 
to be laid down along its six tracks of railroad 
and the barge canal? Industries which have 
been seeking the cheap coal of Pennsylvania 
and the waterway of the lower Delaware, 
would find their way into the district in which 
Inow stand. The increasing population of this 
. district would enlarge the market for all the 
farms in this State. They would become 
more valuable instead of becoming less 
valuable. Our industries would be largely 
increased instead of standing more or less 
stationary. Still, the power which is neces- 
sary to do this job runs to waste. And why? 
It is because the people of the State of New 
York have permitted this great economic 
question to become a political football. One 
would think that all of the people of the 
’ State would demand such a simple and desir- 
able development. When gold was dis- 
covered in Alaska, the front pages of the 
newspapers were filled, and thousands of 
men from all countries rushed to dig it out and 
increase their wealth. Yet here, we let gross 
values larger than all the gold in the world 
run to waste. These we could conserve for the 
benefit of the people of the State. For the 
farmers in better markets; for the workmen 


in better wages; for the industries in larger 
and more adequate power; for the railroads 
in better transportation. 

Why is it? What are the slogans which 
mislead us? One is that the grasping power 
company is trying to destroy the scenic 
beauty of Niagara Falls, and yet I think I 
am right in saying the latest studies show 
that, in view of the erosion, scientific handling 
of the Falls must be had in order to preserve 
their beauty, and that it may be had con- 
sistent with great additional power develop- 
ment there. 

Next time the slogan is the destruction of 
the Adirondack forest—the playground for the 
people. I yield to no one in my love for the 
Adirondacks and in my desire to preserve 
them. I think I know the needs of the 
power companies. I would not impair the 
beauty of that great playground to develop 
power, nor would I permit any people having 
special interests, whether they be political or 
otherwise, to prevent the adequate use of 
these powers for the benefit of all the people 
of the State under a visionary and unfounded 
cry of forest destruction. Are we so incom- 
petent in this State, that we can not develop 
plans to conserve and use the waters of that 
great watershed for the benefit of all the 
people of the State without destroying or 
impairing in the least the beauty and the 
development of that great forest? Personally, 
I am sure we can. 

And finally, the most effective slogan of all 
—the power trust is trying to steal these - 
natural resources for its own benefit and take 
them away from the people. If there be a 
power trust, which I deny, most people would 
admit that Iam competent to speak about it. 
It is evident that nobody can make a dollar 
out of these falling waters except by harness- 
ing them for the service of the community. 
No capitalization of the developing company 
can be had and no rates can be charged except 
such as are approved by the Public Service 
Commission of the State. What is there to 
this charge of stealing the waterpowers if 
they can be developed only under State 
control, and if they can make their money 
only by rates approved by the State, and if 
their income can arise only from putting the 
power which is now going to waste to the 
service of the people? 

For 25 years, we have permitted these 
great economic resources of the State of New 
York to run to waste while the politicians have 
played football with this subject. I propose 
that the people of the State demand now that 
this economic proposition be dealt with on an 
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economic and sensible basis; that the 
powers be made available, and that we 
substitute economic progress for political 
horseplay. 

As to St. Lawrence powers, I am happy to 
say that that problem is being studied by an 
international commission under the leader- 
ship of the Secretary of Commerce of the 
United States. No one is more competent 
to deal with that great question in the inter- 
est of all the people. The ‘State of New 
York, however, is doing nothing to aid the 
Federal Government in trying to make 
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those great powers available for its own 
people. 

Now, I have not wandered so far away 
from the electrification of the farm, because 
the development of these great waterpowers 
is one of the ways in which not only industries 
may be enlarged, but the welfare of the farms 
may also be advanced. When we substitute 
the power of falling water for coal which we 
do not produce, and the transportation of 
which clogs our railroads, then we will make 
a great step forward in all electrification, and 
not the least, the electrification of the farm. 


Electrification Economies on the Chicago, 
Milwaukee c& St. Paul Railway 


By W. D. BEARCE 


RAILWAY ENGINEERING DEPARTMENT, GENERAL ELECTRIC COMPANY 


_ Acomparison of steam and electric railroad operating costs is always instructive and very helpful to 
railroads contemplating electrification. The Chicago, Milwaukee & St. Paul Railway has recently made a 
complete analysis of operation on its system and it is here presented in abstract.—EDITOR. 


The electrification of the Chicago, Mil- 
waukee & St. Paul Railway, in Montana, 
began with the section between Three Forks 
and Deer Lodge in December, 1915. Suc- 
cessive divisions were added to the electric 
zone during the year 1916, completing the 
present section in Montana from Harlowton 
to Avery, a distance of 438 miles. The 210- 
mile section between Othello and the Pacific 
Coast was electrified in the latter part of 
1918. The initial zone, therefore, at the 
end of 1924 had been in operation approx- 
imately eight and one-half years,and the Coast 
Division nearly five years. The report of the 
comparative costs of electric and steam opera- 
tion recently issued by H. E. Byram, President 
of the railway, was prepared by Chester E. 
Oliphant, Assistant to the Comptroller in 
charge of statistics under the direction of 
W. W. K. Sparrow, Vice-President, and in 
consultation with R. Beeuwkes, Electrical 
Engineer in charge of the installation. 

This project is the most extensive operation 
of its kind ever undertaken, consisting of a 
total of 648 miles of main line, where all 
train movements including freight, passenger, 
and switching are handled exclusively by 
electric power. The installation has been 


(}) The actual savings over 
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studied by prominent engineers, commis- 
sions, and delegations from all parts of the 
world. .The electrification has been _ pro- 
nounced an unqualified success from an 
operating standpoint, and all students of the 
project have expressed great interest in the 
question as to whether the expenditures for 
the electrification equipment have been 
justified by operating economies. Briefly 
stated, the outstanding fact brought out 
by this report is that with a net additional 
investment of $15,625,000 the saving to date 
over and above interest and carrying charges, 
has been $12,400,000.°) That is to say, 
the reduction in the cost of operation has 
been sufficient to liquidate more than three- 
quarters of the initial outlay in addition 
to paying all interest and depreciation 
charges. 

The sections between Harlowton and 
Avery, and between Othello and the coast 
were electrified at different times and have 
different physical and traffic characteristics 
as well as different investment costs. For. 
this reason the report deals with the cost of 
steam and electric operation on each section 
separately. The total savings effected, how- 
ever, as the result of electrification, are shown 
in Table I, which summarizes the data on 
all electrified sections. 
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The assumed cost of steam operation for 
the year 1923, had this form of operation been 
employed in the electric zone, is based on the 
actual cost of steam operation for the last 
12 months such operation was in effect, 
adjusted to the conditions obtaining in 1923. 
The last year of steam operation in the case 
of the Harlowton-Avery section was the 
year ending December, 1915, and for the 
coast division the year ending July 31, 1919. 

Under either method of operation some 
costs, within reasonable limits, remain con- 
stant while others vary with the volume of 
traffic. Because the total tonnage moved 
in each year was different, the unit cost, or 


operation, and similarly, the cost of electrical 
operation for the tonnage of the years of 
steam operation. The only assumption made 
in this adjustment is that the costs as sepa- 
rated between constant and variable have true 
varying and constant characteristics. In 
the case of the Rocky Mountain and Mis- 
soula Divisions where there was little varia- 
tion in the volume of tonnage as between the 
selected year of steam operation and electrical 
operation, this is within practical limits a true 
assumption, and any possible variation would 
be slight and of no consequence. In the 
case of the Coast Division where the tonnage 
in the year of electrical operation was very 


TABLE I 
NET SAVINGS AND VOLUME OF TRAFFIC DURING ELECTRICAL OPERATION 


HARLOWTON TO AVERY OTHELLO TO TACOMA 
Electrical Operation began Electrical Operation began ALL ELECTRIFIED SECTIONS 
April and Nov., 1916 March, 1920 
Years | 
Volume of Traffic Net Savings Volume of Traffic Net Savings Volume of Traffic Net Savings 
Gross Ton-miles 4 Gross Ton-miles y Gross Ton-miles by 
Frt. and Pass. Electrification Frt. and Pass. Electrification Frt. and Pass. Electrification 
1916 1,639,054,000 $1,098,166 1,6389,054,000 $ 1,098,166 
1917 2,677,097,000 1,641,869 2,677 ,097,000 1,641,369 
1918 2,759,178,000 1,734,687 2,759,178,000 1,734,687 
1919 2,894,063,000 1,888,037 2,894,063 ,000 1,888,037 
1920 2,710,745,000 1,679,623 691,674,000 © $249,003 3,402,419,000 1,928,626 
1921 1,812,714,000 658,651 664,238,000 12,363 2,476,952,000 671,014 
1922 2,109,868,000 996,485 734,121,000 103,301 2,8438,989,000 1,099,786 
1923 2,247,102,000 1,152,508 746,405,000 119,285 2,993,507 ,000 1,271,793 
1924 2,129,426,000 1,018,721 691,476,000 47,808 2,820,902,000 1,066,529 
Total $11,868,247 $531,760 $12,400,007 


(a) Tonnage and savings for 644 months. 
(b) Tonnage and savings for 9 months. 


cost per gross ton-mile, as found for the 
tonnage handled in the selected years of 
steam operation is not comparable with the 
cost per gross ton-mile as found for the 
tonnage handled in the year of electrical 
operation. In order, therefore, to make a 
comparison and determine the difference 
in cost between the two methods of operation, 
the costs as developed for the traffic any one 
year had to be adjusted to conform to the 
volume of traffic of the other years. This 
adjustment was made by separating the 
costs between those which, within practical 
limits for the range of tonnage under con- 
sideration, vary directly with the volume 
of traffic and those which remain constant. 
When this has been done it is a simple 
matter to state the cost of steam operation 
for the tonnage of the year of electrical 


low in comparison with the tonnage of the 
steam period, any variation from the assump- 
tion made would have the effect of making 
the unit costs of electrical operation for the 
higher tonnages as shown in this report 
greater than they should be, and conse- 
quently make the net savings less than they 
should be. 

Due to the difference in the cost levels 
obtaining in the different years in which the 
property not common to both uses was ac- 
quired, there is considerable difference in 
the investment cost of such property. As 
interest and depreciation charges on all 
property used solely for either operation are 
in this report charged against the form of 
operation to which they apply, it is just 
as necessary to a true comparison of cost to 
restate such investment costs for a period 
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having the same cost 
levels as it was to 
restate the cost of labor 
and material used in 
operation. This has 
been done, using for the 
electrical property the 
actual cost figures and 
for the steam property 
no longer in use on the 
electrified sections and 
which consequently has 
either been released for 
use on other divisions 
of the railroad or retired 
from service, the cost 
which such property 
would have represented 
if new at the time of the 
purchase and installa- 
tion of the electrical 
property. 

No savings have been 
credited to electrical op- 
eration which are not 
susceptible of direct as- 
certainment, as for ex- 
ample, the possible in- 
creased revenue due to 
the released equipment 
used in transportation 
of coal when these divi- 
sions were under steam 
operation. Other econ- 
omies of this sort include 
better utilization of 
freight equipment, due 
to faster movement, less 
wear and tear on road 
and equipment, less sta- 
tion expenses and simi- 
lar expenses affected by 
the number of trains 
required to handle a 
given tonnage, increase 
in passenger revenue 
due to the attractive- 
ness and greater comfort 
of travel under electri- 
fied operation. 


Features of Electrification 


Contracts for the ini- 
tial electric zone from 
Three Forks to Deer 
Lodge were closed in 
October, 1914. Subse- 
quent contracts included 
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Topographical Features of the Western Portion of the Chicago, Milwaukee & St. Paul Railway. The heavy line on the map indicates electrified 
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TUNNELS OVER $00 IN LENGTH NOTED 


The profile shows heavy grades on which electric locomotives have proved far superior to steam 


divisions. 


Fig. 1. 
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equipment for the balance of the 438 miles 
of line between Harlowton and Avery. 

The direct-current 8000-volt system was 
selected, using overhead distribution sup- 
ported on wood poles. Current is purchased 
from the Montana Power Company which 
taps the Railway Company’s 100,000-volt 
line at several points. Along this line are 14 
substations in which the supply is stepped 
down to 2300 volts and then converted by 
means of motor-generator sets to 3000 volts 
direct current. 

The orders placed with the General Elec- 
tric Company for the initial equipment in- 
cluded 42 main line locomotives, 12 of which 
were equipped with oil-fired boilers for train 
heating and suitable gearing for handling 
passenger trains. Two switching locomotives 
were also ordered. 

For substation equipment, apparatus was 
furnished by the same company for 14 sub- 
stations spaced approximately 30 miles apart, 
including motor-generators, transformers and 
switching equipment. 

The overhead line construction was also 
designed by the General Electric Company, 
being the first example of a twin trolley 
supported at alternating points to secure a 
flexible contact. 

All locomotives were equipped for regenera- 
tive electric braking for holding trains on the 
long two per cent grades, without the use of 
air. 

Equipment for the electrification of the 
Coast Divisions was ordered in 1918 and 
included 8 substations, 15 passenger loco- 
motives and two switchers. For freight 
service the 12 geared units originally used in 
passenger service on the Rocky Mountain 
Divisions were changed to freight gear ratio, 
and 10 of the new passenger locomotives 
were assigned to the initial electric zone. 

The lengths of the sections now electrified 
and the dates when the different sections 
were placed under electrical operation are 
given in Table II. 

The sections of line between Black River 
Jct. and Seattle, a distance of 10 miles, and 
between Avery and Othello via Malden, a 
distance of 212 miles, will without doubt be 
electrified in the future as electrical opera- 
tion will not only effect savings on these 
sections but the continuity resulting will 
augment the savings on all of the present 
electrified sections. 

A summary of the economies resulting 
from electrification is given in Table I. This 
table shows the net savings for each year 


bo 


1 


since the beginning of electrical operation 
using for steam operation the actual costs 
for the last 12 months of such operation, 
adjusted to 1923 levels. For electrical 
operation the actual costs are used for the 
year 1923. From this table it may be seen 
that the net savings for the year 1923 were 
approximately $1,250,000. This was a year 
of comparatively low tonnage and the report 
calculates that for the year 1919 which 
showed maximum tonnage for the period 
under discussion the savings over the entire 
electric zone would have amounted to 
$2,355,000 had the Othello-Tacoma section 
at that time been under electrical operation. 
On the other hand, the savings shown for 
the minimum tonnage year for 1921 indicate 
a gross saving of $671,000. 


TABLE II 
MILES OF TRACK . 
Operation 
|First Main| Other Daten 
Harlowton to Deer) 
LOGse. cane. > | 226 66 Apr., 1916 
Deer Lodge to| 
1 8g PAP eee 212-1 62 Nov., 1916 
Othello to Tacoma) 
(helper service). . a ae Aug., 1919 
Othello to Tacoma! 
(through service). 208 72 Mar., 1920 
Tacoma Jct. to Ta- 
coma (pass.).... 2 - Sept., 1920 
648 200 


The differences in costs and in distribution 
of costs, as of the year August, 1918, to July, 
1919, inclusive, are shown in Table III. 
These figures include only the operating 
expenses directly affected by change in 
power and the carrying charges on invest- 
ment in the property directly involved. Oper- 
ating expenses common to both methods of 
operation and carrying charges on the invest- 
ment in the property used common to both 
electrical and steam operation are excluded 
from all comparisons. 

The charts in Figs. 2 and 3 show graph- 
ically the comparative costs of electrical 
and steam operation per 1000 gross _ton- 
miles, taking into account the operating ex- 
penses directly affected by the change in 
the method of operation, and the carry- 
ing charges on the investment in prop- 
erty used solely for either steam or electrical 
haulage. It will be noted that in Fig. 2, 
showing expenses for the Harlowton-Avery 
section, the volume of traffic was slightly 
higher in 1923 than in 1915, the year of 
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initial operation. In Fig. 3, however, show- 
ing the same data on the Othello-Tacoma 
section the volume of traffic during the elec- 
trical period was only about 75 per cent of 
that during the last year of steam operation. 
Figs. 4 and 5 show graphically the savings in 
operating expenses for the two electric zones 
respectively. 


STATISTICS OF ELECTRICAL AND STEAM 
OPERATION 


As previously stated, the costs of operation 
for the purpose of the report include only 
the costs in operating expenses directly 
affected by the change in method of opera- 
tion and the carrying charges on the invest- 
ment in property necessary to one form of 
operation but unnecessary to the other, 1.e., 
property not common and necessary to both 
methods of operation. No useful purpose 
would have been served by including in 
this comparison either operating costs com- 
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and which vary from year to year from causes 
in no way related to the kind of power used, 
or carrying charges on investment in property 
common and necessary to both forms of 
operation. 


Operating Expenses Directly Affected by Change 
In Power 

The selection of accounts used was made 
after a careful study of the expenditures 
under each of the primary accounts of the 
operating classification. Some of the ac- 
counts excluded as not being affected by 
change in power are without doubt affected 
to some extent by change in power, but the 
effect is so slight as to be negligible in com- 
parison with the effects produced by other 
causes. Take for example, ‘‘ Maintenance 
of Track,’’ an expense unquestionably af- 
fected to some extent by the class of power. 
The effects from other causes such as weather, 
availability of money, cycles of renewals of 


mon to both steam and electrical operation parts, maintenance programs, labor condi- 


TABLE III 


COMPARISON OF COST OF ELECTRIC AND STEAM OPERATION AS OF THE YEAR 
AUGUST, 1918, TO JULY, 1919, INCLUSIVE 


ROCKY MT. DIVISIONS COAST DIVISION 
Steam Electric Steam Electric 
Grossmon-miles Passs and tet. sere ere ete cere 2,864,695,000 | 2,864,695,000 | 1,014,511,000 | 1,014,511,000 
EXPENSES RELATED TO POWER 
Locomotives 
Carrying charges on investment etter ain 178,383 $240,694 $193,511 $296,273 
Maint. cost incl. maint. of shops......... 1,268,824 440,833 496,016 194,912 
Housing and hostling COST... teen een toaes 281,396 102,736 82,056 39,715 
Cost of lubrication and other supplies for 
' LOCOMOTIVES Sasmetir ag tess leels ors oie oe ee eens 57,585 28,030 18,385 16,815 : 
FUEL: ELECTRICITY % 
Cost of coal, oil, water and electric current. 1,606,507 851,908 721,878 414,408 
Carrying charges on investment in facilities 48,195 484,169 43,857 451,427 
Maintenance cost of facilities............ Sonne) 86,352 13,488 46,985 
Cost OF ENGINEMEN AND MOTORMEN........ 733,070 411,508 328,626 185,886 
TRAIN AND YARD EXPENSES 
Cost of trainmen and yardmen. ; . 639,144 412,453 374,297 227,218 
Train and yard supplies and exp. including 
brake shoe, wheel and draft rigging wear 42,014 13,211 25,314 7,785 
SIGNAL AND INTERLOCKER EXPENSES 
Carrying charges on investment.......... (Net) 11,246 43,513 55,458 
Cost 6 maintenance: ne.) 5. ..3.5G eee 52.181 47,671 33,202 31,348 
OSH OO DETA LIONS . 21h. ctv. si lee 40,841 ilar, 19,248 14,380 
WorkK TRAIN EXPENSE . 
Equal amount of work both periods......, 74,721 62,415 50,452 39,676 
Expense of superintendence............. 284,906 262,055 114,497 106,209 
Total expenses and charges...,..-......4 5,341,447 3,486,798 2,558,340 2, 128, 478 
’ Net SAVINGS BY ELECTRIFICATION........... 1,854,649 429,862 
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Fig. 2. Rocky Mountain and Missoula Divisions Fig. 3. Pacific Coast Division 


Comparative Costs of Steam and Electric Operation Over a Period of One Year 
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SAVINGS PER 1000 GROSS TON MILES 
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Savings Effected by the Adoption of Electric Haulage Over a Period of One Year 
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tions, etc., are so much greater and so im- 
possible of exact ascertainment for elimina- 
tion, that the expense can only be classified 
as not being affected by change in power. 
Work train expenses have been separated 
and included as expenses directly affected 
by change in power for several reasons, one 
of which is that certain stand-by losses under 
steam operation are eliminated by using 
electric motors in work train service. The 
costs of the two periods have been adjusted to 
the same amount of work-train service. 

All costs in the following statements in the 
totals are for periods of one year. For the 
section, Othello to Tacoma, the steam 
operating costs are derived by an exhaustive 
analysis of the operating expenses of the year 
August 1, 1918, to August 1, 1919—the 
last year of steam operation before electrifica- 
tion. For the section, Harlowton to Avery, 
the steam operating costs are based upon the 
operating expenses of the year 1915, except 
that where these expenses were known to be 
incomplete as for some of the minor items, 
recourse was made to the unit costs of steam 
operation on the adjacent steam operated 
divisions. For both sections, the electrical 
operating costs are the actual costs for the 
year ending December 31, 1923. 

As the price levels of labor and material 
were not the same for the periods of electrical 
and steam operation, it was necessary to 
bring the costs to the same level so that a true 
comparison could be made. To this end the 
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Fig. 6. Annual Variation of Total Traffic Between 
Harlowton and Avery 


The two cross-sectioned rectangles designate the periods 
from which the report figures were computed, 


costs of the steam periods have been restated 
as of the electrical period and hence all the 
operating expense costs in this report are 
for the price levels of 1923. 

With respect to the savings through the 
use of regenerative electric braking, it was 


ro? da 


found that no existing data were available 
which would enable the brake shoe wear 
to be determined with any accuracy for the 
condition of continuous and long application 
which, under steam operation, occurs on 
mountain grades. Therefore, a wear figure, 
believed at least to be conservative, of one 
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Fig. 7. Annual Variation of Total Traffic Between 
Othello and Tacoma 


The two cross-sectioned rectangles designate the periods 
from which the report figures were computed. 


pound of wear per 100,000,000 ft.-lb. of 
energy dissipated was used. There is also 
a saving in draft rigging and braking appara- 
tus and in wheel wear, all of which are, for 
evident reasons where cars move over many 
divisions, indeterminable. The amount of 
savings on account of these items was as- 
sumed to be the same as that resulting from 
the reduction in brake shoe wear. This is be- 
lieved to be conservative. 

Costs of electric power are based upon a 
minimum total payment corresponding to the 
respective kilowatts for which the Railway 
Company in 1913 had for the different respec- 
tive sections exercised option. Where these 
respective amounts of kilowatts are not 
sufficient to handle the increased traffic, 
power cost has been increased on basis of the 
additional kilowatts required. 


Constant and Varying Operating Expenses 

The total tonnage moved in the selected 
years, or any year that could have been 
selected, for steam operation was not the 
same as the tonnage moved in the year of 
electrical operation. Therefore, in order 
that the costs of electrical and steam opera- 
tion might be stated for different volumes of 
traffic, within a reasonable range of the ton- 
nage which has been handled over these 
divisions, without which a correct comparison 
between the cost of steam and electrical 
operations could not be made, the costs 
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affected by a change from steam to electrical 
operation were separated between those which 
within reasonable limits remain constant 
for different volumes of traffic, because they 
are not connected with the direct movement 
of traffic, and those which on account of 
being directly connected with the movement 
of traffic vary directly with the volume of 
traffic. These latter expenses have further 
been separated between the passenger and 
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freight services, as such expenses can be 
directly assigned. With these separations 
in the expenses, the costs of operation for the 
volumes of traffic dealt with in this report 
may be readily obtained: It is only necessary 
to multiply the gross ton-miles of each service 
at any volume point by the respective unit 
costs developed, and to the sum of the 
products so derived add the total constant 
cost. 


TABLE V 


INVESTMENT IN AND CARRYING CHARGES ON THE PROPERTY 
PECULIAR TO EACH MODE OF OPERATION 


(a) Electrical operating property at actual cost 1914-15-16: Steam operating property priced as of the costs obtaining during the 
same period (1915). 


HARLOWTON TO AVERY (438 Roadway Miles) [OTHELLO TO TACOMA (208 Roadway Miles) 
CARRYING CHARGES 4 CARRYING CHARGES 
Items 
Invest- : Invest- : 
Deprecia- Deprecia- 
ment (a) Mtoe tion S. F. Total aa ene) Interest | tion S Total 
a Basis 6% Basis 6% 
Steam Operation 
Fixed Property: 
Fueland water stations, cin- 
deg-pits, (eteya.. ser $ 630,000 ()|$ 31,500 | $ 16,695 |........... $ 507,010\$.9 304205) $513:436 oi een 
Dey signial Systemic certero iN sree ei accu hs 2 [one eo ameter sal ee eae lier eae in eee: 612,000 36,720 Oy Ao) Ti Pre A eres, 
Totals—fixed property ..|$ 630,000 $ 31,500 | $ 16,695 |$ 48,195 }$ 1,119,010 |$ 67,141 | $ 20,229 |$ 87,370 
Locomotives 
Freight (incl. all pusher and ; 
work service locomotives) |$ 2,470,628 $- 123,531 ae, LOO Aa sisuets.s ste ak $ 128,147 $B 24,348: ty Geralyn 
PPESSONGET 5 ache nclece eons 356,039 17,802 A’ O59 ileretive tarts eras 25,814 4:905. |eeeaeene 
OWitChiee. screens oon aren 78,598 3,930 BOG Ai cone. atne ee 8,653 15644. |b... oom 
Totals—locomotives....|}$ 2,905,265 $ 145,263 | $ 33,120 178,383 $ 162,614 | $ 30,897 |$ 193,511 
TOTALS—STEAM PROPERTY|$ 3,535,265 $ 176,763 $ 49,815 226,578 %. 229755 $ 51,126 |$ 280,881 
Electrical Operation 
Fixed Property:  __ 
Roadway buildings. ......|$ 89,545 4,477 OAS yaar ae 4, oe $ G:865) |0S = 3,027) Wests 
Power substation buildings 535,157 26,758 S301 ll cy, tte Sree 27,168 2.800 | castes 
Power substation apparatus 1,859,353 92,968 BL SSS. is aranincese 88,618 16,985: lances 
Power transmission system. 715,181 35,759 5435) Mivepaeies aeeeiae 32,971 5,072) jase eee 
Power distribution system . 2,890,615 144,531 rd GOO Weer site ees 131,424 16,822 1... scree 
Power line polesand fixtures} 1,091,721 54,586 0110) ier, serene, 966,563 57,994 40,596 |) Selena 
A-c,.signal system ........ 197,446 (b) 9,872 1374 VA aeons 780,000 46,800 8,658" 04 sae 
Engr.—int. during construc- 
tion and miscl.......... 325,671 16,284 PMs Poy: og ltrs Near ercae 621,519 37,291 0,645: ler oo. eccatine 
Maintenance equipment... 37,000 1,850 BOD BAe cern 27,000 1,620 308) ) | Piareee cee 
Sub-total Juima..s sere $ 7,741,689 $ 387,085 | $111,090 |$ 498,175 1% 7,178,991 |$ 430,739 | $101,988 |$ 532,727 
Rental of transmission lines E pea errr ors ’ 
Cred ib oss Ne Biis/ae se eel aster ee $Cr.72;760) leeeeeovieater: S$ Orr 257160 ain cterecteteaeee POUT eel tale wee ease $Cr.25,842 
Totals—fixed property..|$ 7,741,689 $ 384,325 | $111,090 |$ 495.415 I$ 7,178,991 |$ 404,897 | $101,988 |$ 506,885 
Locomotives ae eo ber yess * 
Freight (incl. all pusher and 
work service locomotives) |$ 2,881,112 S . 144056. | -Or82 845) anes $ 3,065,280 |$ 183,917 | $ 34,944 |......... 
PGSSOr Cele: 1. Ay wares stewie: 927,408 46,370 103573: / Wane here 1,035,690 14 B07: "here ee ee 
SIOMLECAUEM EA. Srotteart vii ote chan 111,564 5,578 Loa | Nera he Piet ety 48,520 2,911 553) | sae 
Totals—locomotives. ... |$ 3,920,084 $ 196,004 | $ 44,690 |$ 240,694 $ 4,149,490 |$ 248,969 47,304 |$ 296,273 
ToTALS—ELECTRICAL PrRop- na a insect ee ‘or: rs a 
ERTY.. ee eee sere eee $11,661,773 $ 580,329 | $155,780 |$ 736,109 $11,328,481 |$ 653,866 | $149,292 |$ 803,158 
INCREASE IN CARRYING CHARGES | r | a | Cl oe ae 
AGCOUNS ELECTRIBICATION. «|... sls ss sreistesills satel ie et eee $ .509;5381 [25)9.-co ee eRe eles) et-'|| oem ene a $ 522,277 


‘b) Net increase in investment chargeable to electrification included under electrical operation. 
(c) Electrical operating property at actual cost 1917-18-19: Steam operating property priced as of the costs obtaining during the 


same period (1918). 


Carrying Charges on Investment in Property 

The property here considered is the power 
equipment and the facilities and appurte- 
nances directly related thereto—as forexample 
in steam operation, the fueland water stations; 
and in electrical operation, the transmission 
and distribution systems, substations, etc. 
The signal systems are also included as it 
was necessary to change the d-c. systems 
for a-c. systems on account of the electrifi- 
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Investment for the property peculiar to 
electrical operation was taken as of the actual 
cost of installation—on the Coast Division, 
as of the prices obtaining in 1918 (1917 to 
1919); on the Rocky Mountain and Missoula 
Divisions, as of the prices obtaining in 1915 
The investment in the prop- 
erty peculiar to steam operation was based 
upon the actual costs modified and adjusted 
to the price levels as of the periods of elec- 


v 


cation. trical installations—on the Coast Division, 
TABLE VI 
MOVEMENT AND FUEL STATISTICS OF THE TWO MODES OF OPERATION 
HARLOWTON TO AVERY OTHELLO TO TACOMA 
Items 
Freight Passenger Switch Work Total Freight Passenger Switch Work Total 
MOVING STATISTICS 
Steam Operation 
Gross ton-miles } 

—total....... 1,792,366,000/419,905,000(a)|..........]........ 2,212,271,0009817,331,308} 208,681,246) .........)......... 1,026,012,554 
Gross ton-miles 
Se PUG otees eras ESOC i ainletestelis ith <i Nae o «leo uaw ad's 33,640,000} hk PERRIN ee AN vod ia ta pote Ps eck wh etn Benet Ahr 11,500,512 
Gross ton-miles ! 

—(excl. fuel). .| 1,758,726,000|419,905,000 |..........]........ 2,178,631,0001805,830,796| 208,681,246 .........)......... 1,014,512,042 
Car-miles—total. BL OLA S26) | Dy GROSS: nny as st enc) etees ves 57,515,021 19,880,165 DSA aU Ls dtm xed Pele, pea he fe 22,823,483 
Car-miles—fuel PRE OOS wealth Sree alate c Ate wn. craere fxs ae 745,668) POG PUMA oo cet Bheyemplose cos nice nel ee eee 166,191 
Car-miles—(excl. | 

fuel) De CO eOl) 0, 09S,0440 Pence ns ede wae ee oe 56,769,353] 19,713,974 PES BIB, Sten sais ee Bae 22,657,292 
Train-miles..... 1,198,113 Lo /ah oy Amelie eer | oS ee 1,850,620) 497,885 BOS 2a ft les sols careers 801,707, 
Locomotive- | 

MOSS ate, fh os 1,717,981 775,969 152,429(b) 62,415 2,708,794] 651,438 400,711 99,308(d) 38,420 1,189,877 

Electrical Operation 
Gross ton-miles.|1,827,197,000|419,905,000 |..........|........ 2,247,102,0001537,723,988| 208,681,246 |.......c.)..c.ecees 746,405,234 
Car-miles....... 59 Dona} DOGG O44! Possess six ceaaee 6 55,525,016} 14,706,709 ee SO: el Ce eee ee ty 17,650,027 
Train-miles... «. 741,475 OOS, O07 milters ect ilors/e ails es 1,393,982] 285,321 HOS Bee cee eo. al tase 589,143 
Locomotive- 
AICS»: ates «: 997,666 659,472 70,259(b) 62,415 1,789,812 404,678 310,355 23,711(d) 38,420 777,164 
FuEL STATISTICS 
Steam Operation 
Gallons of oil... . 12,404,242} 3,903,582 537,943 394,483 17,240,250) 9,984,653 4,774,002 127,612 450,051 15,336,318 
Tons of coal.... 132,900 39,113 7,394 1,665 181,072 42,702 8,423 cay Qe eee 55,696 
Electrical Operation 
Kw-hr. gross con- 

sumption at ! 

IGEOB sc tare, fsa. s 55,068,970} 17,030,803 812,938 {1,296,505 74,209,216} 19,614,570 8,196,184 195,182 633,760 28,639,696 
Kw-hr. total re- none 

generation.... 6,875;360) ~ 2,313,040 |)... 03.3 29,130 8,717,520] 3,399,260 a 
Kw-hr. net con- REN AEE a latte ek peroet a 8,340 4,748,970 

sumption at 
ir. COR riers se bo 48,693,620) 14,717,763 812,938 |1,267,375 65,491,696] 16,215,310 6,854,814 195,182 625,420 23,890,726 

w-hr. at Power 

COMelapy, w+ 75,850,552) 23,017,585 |1,230,607 |1,977,284| 102,076,028] 26,269,144] 10,990,981 316,406 1,002,470 38,579,001 


(a)The actual for the period, 354,054,000, adjusted to the tonnage ot electrical operation as the difference rests solely in the number of cars 
per train: Car-miles, train-miles, and fuel adjusted to conform. Ay ’ ‘ : ; f ; 
(b) The mileage of switching locomotives whether steam or electric is credited at 6 miles per hour while a crew is assigned to the engine. 


The great reduction in the figures for switching mileage, therefore, i 
even with an appreciable increase in gross ton-miles of total traffic. 


ndicates a reduction in the number of locomotive hours in the ratio of 2 to 1 
This gives a measure of the superior capabilities of the electric unit. 


(c)The actual for the period, 186,232, adjusted to the tonnage of electrical operation as the difference rests solely in the number of cars per 
train due to difference in train routing: Car-miles, train-miles, and fuel adjusted to conform. | ’ : y 
(d)See note (b). On this division the reduction in switching locomotive hours is in the ratio of 4 to 1 with a corresponding decrease in gross 
_ton-miles of traffic in the ratio of 1} to 1. 
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as of 1918 and on the Rocky Mountain and 
Missoula Divisions, as of 1915. 

The carrying charges computed upon the 
investments and included as cost are interest 
and depreciation. The interest rate has 
been taken at the rate paid by the St. Paul 
during the different periods of installation— 
for the Coast Division 6 per cent and for the 
Rocky Mountain and Missoula Divisions 
5 per cent. Depreciation has been computed 
upon the sinking fund basis using an interest 
rate of 6 per cent. 
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Conclusion 

Conclusions as to comparative cost of electri- 
cal and steam operation cannot be properly 
drawn from these primary cost statements as 
the comparative costs given therein are for 
different volumes of traffic. Further adjust- 
ments of the costs are necessary to equalize for 
the differences in volume of traffic before a true 
comparison is afforded. Such adjustments 
have been made in producing the curves 
shown in the charts (Figs. 2, 3, 4, 5) and in 
the statement of savings given in Table I. 


TABLE VII 
POWER EQUIPMENT OF THE TWO MODES OF OPERATION 


HARLOWTON TO AVERY OTHELLO TO TACOMA 
ae Weight TOTAL TRACTIVE EFFORT Equi Weight TOTAL TRACTIVE EFFORT 
Kind of Operation | Glace | Number | Eachin CAPACITY POUNDS Cl Number | Eachin CAPACITY POUNDS 
Class of Service grin cerca ie BAY arg Eanes ae Work- 
of Assigned ee ; of Assigned ee : 
Locos ae Order |Maximum| Hourly Coates Locos vie Order |Maximum}| Hourly ee 
Pounds} Starting | Rating Retin Pounds | Starting Rating Rating 
Steam Operation 
Freight service. .| G-5 0-5/12 |170,600 8,746 |e nce leone ane A-1 1/12 | 268,764 1298) los ad atest Pecan eens 
(Including all} K-1 43 360,000 1432760 ier weirs eaten ners GC=3 2/12 |362,530 1,930) | ne Soe s elo uanlncreeaneeerare 
pusher and} L-1 18-9712 (414,500)||\* 874,313 [ion vee celle semi nnier F-3 1/12 |385,300 2,655 || an... ie cillens opie 
work service| L-2 5-2/2 1431 000i) 2825720) | eee ol ee eee F-4 9/12 |383,350 27,308) |). cats AMA oe eenene 
locomotives)| N-1 T8=3/12) 1565, 00 Nit 390:650) | ace eee G-5 8/12 |170,600 18,0040... 5. Seen ae 
N-2 11-8 /t20/ 561577003) S89! 000: | scrrceiellton cei te G-6 6/12 |309,600 125720) We wievave sen al eee eee 
K-1 S= (2/12) 360,000) |) Fr 2 pe ae eee linear ened 
[-1 2— 9/12 414,500 || “L28283n ut coe neeceaeneerens 
L-2 1— 5/12 |431,000 UTOLZ. ‘leis lac and.o seen hele ale 
M-2 2/12 | 264,500 oO 13 Cee cel cs cody c 
. N-2 |LO-13/12 565,700) S8i;8530 txt cn cece 
N-2 |10 561';7005|) “76200001 S 5 ot aes eee 
Total freight ~ = — ea oes ee ae aes 
SEDVICE: fcibaoes 9758/42 "\\arm st A 878; 189 airs «+ cee enero awl eee BD 6/12 Nerraaee VR OY 4a ee ted lee iso Oi 
Passenger service| F-3 1 385,300 OL, SPO estes, cepatereeioaa eee C-2 11/12 |350,250 et oe ee eee (Panter co 
F-4 10 883,350:!, -364;900n/{ 2... > aceon F-3 1- 5/12 |385,300 45150 |e 55 8. < 2 alee See 
F-5 4 396,400)" L59520G|c.. >. «ceeetercteen tetera F-4 5=" 8/12 383,350 1 20678. fa. 2 oc os, eee eee 
L-1 1/12 |414,500 S884. wo cette eee 
N-1 3/12 |555,700 19,050) |)..0 so eine alls erence eri 
Total passen-|—— — ee ee = = ee a ee eee | es a ee 
ger service]...... pt, | at 9D6 290) 5.32. « iemeosl| ceoen reneieeta ll eae 8 A/T Alt tens BLA 15. | owe fs chy le eee 
Switching service} I-5 4 237,400'| 1126405 \e. ac eee nee I-5 4— 9/12 |237,400 HSS 1 80. | ahtsshoe ial See eee 
K-1 1-4/12 |360,000 44 AQT |. o.cs cote wile aie wesnejece, A yrelite. aiew sn entvencelllis Unie ante ten DIME UNE gfe sn x ssi aarp le pc 
Total switch- =e =~ Meanie | SS oe EE MERE, ieee | es ee a aes: ‘ 
ing service..]...... Force: 941 WM IS Nanya 157,067 |... « ssegawail ecese.0:900: ff austere. cxelfisen Gor Ore, ocaea' eres etme MMO oxo! | collec seen ee 
TOTALS FOR STEAM 4 rhe Pa ee Ss es) | ace re aad 
OPERATION coe |i se ore is Sy oe ft) a 5,591,546... Srcearee tlle eset atone ers eee AS— 9/12 Pee oes %080;200 |... greene eee 
—————————— oo —SSSSS _———— =O OS —  I:°00C SS 
Electrical Operation 
Freight hag E-F1 | 26 578,000 |3,510,000 |2,197,000 |1,838,200 |} EF-1 |16 578,000 |2,160,000 |1,352,000 |1,131,200 
neluding a 
pusher and 
work service 
locomotives) 
Passenger service| EP-3| 8 631,000} 992,000 | 528,000 | 392,000] EP-2| 5 —_|558,200| 572,250 | 242,500 | 210,000 
Switching service] ES-2 140,000} 126,000 | 63,000 | 42,000 | Es-2 | 2 140,000! 42,000} 21,000 | 14,000 
TOTALS FOR ELEC- * nae ae ae, <i" 
TRICAL OPERA- , 
USNs hte 5's eto le si OT ct toad hoteeeeea 4,628,000 |2,788,000 |2,272,200 }...... 22- | i heserenerarere 2,774,250 |1,615,500 |1,355,200 
* 


Note.—Power equipment of the two modes of operation equalized to handle the same maximum amount of traffic. 
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Comparative Cost of Steam and Electric Operation 
By A. H. ArMstrRonG 


RAILWAY ENGINEERING DEPARTMENT, GENERAL ELECTRIC COMPANY 


_ Weare presenting on page 218 of this issue the abstract of a report recently compiled by the Chicago, 
Milwaukee & St. Paul Railway, comparing steam and electric operation on the mountain divisions of its 
main line. This abstract, which was prepared by Mr. W. D. Bearce, is taken directly from the railway 


company’s report, and attempts no additional comment. 


The article by Mr. Armstrong, here presented, goes 


a step further and offers an analysis of the data in so convincing a manner that there is small doubt left as 
to the financial and operational advantages of electric haulage. The article should be the more convincing 
when it is realized that Mr. Armstrong, as a member of the General Engineering Staff of the General Electric 
Company, has been that Company’s chief representative in connection with the St. Paul’s electrification 


program since its inception in 1910.—EpiTor. 


Probably no electric railway announcement 
made in recent years has attracted more 
attention and provided more instructive 
reading than the report recently issued by 
H. E. Byram, President of the Chicago, 
Milwaukee & St. Paul Railway, covering a 
detailed analysis of the comparative first 
cost and cost of operating freight and pas- 
senger trains by steam and electricity over 
646 miles of track in Montana and Washing- 
ton. The preparation of this comparison must 
have been rendered most difficult by the 
great increase in prices of equipment, material, 
and labor occurring during the construction 
and operating period of eight and one-half 
years covered by the report. The greatest 
credit is due to the executives of the St. Paul 
for the impartial and painstaking manner in 
which they have completed their difficult 
task, as well as appreciation of the frank- 
ness with which they have disclosed the fun- 
damental facts relating to the most extensive 
railway electrification in the world. Authen- 
ticated figures are now made available to the 
engineering and financial world covering the 
economic results of this most interesting elec- 
tric installation. 

Summarized briefly the report shows that 
the operation of this electrical equipment 
has saved, over the estimated steam-engine 
operating expenses, the gross sum of $19,233,- 
007 in the 8'% years which have elapsed 
since electric-locomotive operation was first 
started. This enormous saving amounts to 
123 per cent of the net cost of the electrifica- 
tion chargeable to new capital account after 
deducting the value of steam engines and 
facilities released. Moreover, this startling 
result of electric operation has been made in 
the face of a gross ton-mile movement which 
was less in 1924 than in 1916, the first year of 
electrical operation. Even after deducting 
interest and depreciation charges against the 
new electric locomotives and facilities, the 


ee ae 


economic showing of this electrified property 
is a most flattering tribute to the railroad 
executives and bankers who had the courage 
and vision to apply electricity to a project 
of this magnitude. 

The story of electric locomotive operation 
over the mountain divisions of the St Paul 
road furnishes convincing proof of the superior 
fitness of electric motive power to meet the 
most exacting operating conditions obtaining 
on heavy mountain grade divisions. To 
anyone privileged to ride an electric locomo- 
tive under such conditions it is immediately 
apparent that the steam engine has a rival 
possessing all the necessary physical qualifica- 
tions required to haul the heaviest freight 
and passenger trains over mountain grades 
at the highest speeds permitted by the 
limitations of track and draft gear. Unlimited 
electric power placed at the disposal of the 
operating engineer has resulted in practically 
eliminating the dreaded ruling grade of moun- 
tain divisions which so seriously restricts train 
movement with steam engines. While it has 
therefore become quite generally appreciated 
that the electric locomotive is physically 
able to haul any weight of train at any speed 
on any grade, convincing operating facts have 
not been available to answer the serious 
doubts raised in some minds as to the eco- 
nomic return realized upon the capital invest- 
ment required to effect the change from 
steam engines to electric locomotives. 

The St. Paul report publishes in detail the 
first cost of the complete electrical installation 
and compares certain fundamental items of 
electric and steam operating expense under 
similar conditions. The results of this 
comparison surpass the expectations of those 
who have long awaited its publication. If, 
as shown, electrification can effect savings 
in steam operation equal to all additions to 
new capital account in approximately seven 
years, with the moderate volume of tonnage 
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hauled on the St. Paul tracks, then the report 
of that road merits the most careful analysis 
by those desirous of bettering the physical and 
economic conditions of our rail transportation 
system. It is apparent that the spectacular 
performances of the huge electric locomotives 
hauling the heaviest trains up grade at 
speeds never reached with steam engines, and 
holding them at safe speeds down grade by 
regenerative electric braking without re- 
course to air brakes, have a still deeper signifi- 
cance in the economic showing of the electric 
investment. 

It is the purpose of this article to review 
certain outstanding features of the St. Paul 
report in the hope of possibly bringing out 
more forcefully some of the fundamental 
advantages of the newer type of motive 
power. 


Economic Return on Investment 

A word of explanation may be timely in 
regard to the tabulation” which appears on 
page 4 of the St. Paul report and which shows 
the volume of traffic in gross ton-miles and 
savings by electrification. The values given 
represent net savings after deducting interest 
and depreciation charges on the electric in- 
vestment. The relation of gross to net sav- 
ings may be more clearly brought out as in 
Table I. 


TABLE I 
GROSS AND NET SAVINGS FROM 
ELECTRIFICATION 
646 Miles Route 

Harlowton Othello 

to to 
Avery Tacoma 

Years operation. 7.....-. 8.5 4.7 

Net savings..... $11,868,247 $531,760 


Interest and depreciation 
WIPEC CCT Olive semua gs See 
Gross savings by electric 
Operation). oe ee keen 


4,352,000 2,480,000 


16,193,247 3,011,760 
Gross savings both divi- 
SIONS Jaa: Se ee $19,233,007 


In eight and one-half years of electric 
operation in Montana and four and three- 
fourth years of electric operation over 
the Cascades, the St. Paul Company estimates 
that it effected a gross saving of $19,233,007 
over what would have been the cost of steam 
operation with existing equipment during the 
same periods. This total saving represents 
a return of 83.6 per cent on the gross first cost 
of $22,990,254 for the complete electrification 
of 646 miles, and 123 per cent on the net first 


(1) Reproduced as Table I on page 219 of the article by W. D. 
Bearce in this issue. 
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cost of $15,625,739 properly chargeable to 
new capital account after deducting all charge 
carried against steam engines released for 
service on other divisions. 

Regardless, therefore, of whatever book- 
keeping method may be followed in allocating 
interest and depreciation charges against 
the net electrical investment, electric opera- 
tion on the St. Paul Railway is so much 
lower than the estimated cost of steam-engine 
operation that the savings realized have more 
than repaid the net cost of the complete 
electrification of 646 miles in an average 
operating period of less. than seven years. 
Moreover, these results were obtained in the 
face of decreasing ton-miles hauled, which 
were actually less in 1924 over 646 miles of 
route than in 1916, the first year of electrifica- 
tion comprising but 438 miles of route. No 
comment is needed to show that with in- 
creased tonnage, which the future may be 
expected to bring, the economic showing of 
the St. Paul electrification will fully meet the 
expectations of the pioneers responsible for 
its adoption in 1914. 


Comparison of Steam and Electric Locomotives 

Before electrification, there were in opera- 
tion over the four mountain grades of the 
St. Paul Railway a large number of steam 
engines of the latest types available at that 
time. This large number of steam engines 
was replaced by a much smaller number of 
electric locomotives of larger power. In order 
to present a more complete basis of compar- 
ing steam and electric power 1n this instance, 
Table II has been prepared to show not 
only the number of locomotives of each type 
but the total weight and weight on drivers as 
well. 

TABLE II 
COMPARISON OF STEAM AND 
ELECTRIC LOCOMOTIVES 


646 Miles Route 


Ratio 
Electric to 
Steam in 
Steam Electric Per Cent 
No. of locomotives 167 59 35.3 


Total weight..... 35,454 tons 16,350 tons 46.0 
Weight on drivers 17,727 tons 12,390 tons 70.0 
Per cent weight on 


drivers “.4)... 42,50 percent . 76 percent 


While the total number and total weight of- 
electriclocomotivesis approximately one-third 
the number and weight of steam engines they 
replaced, the total weight on electric drivers 
is two-thirds that of the steam engines. The 
weight on drivers affords a truer comparison 
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of the effectiveness of the two types of motive 
power; and the fact that electric locomotives 
of much less aggregate weight can haul the 
same annual volume of tonnage indicates that 
the electric locomotive is utilized much more 
efficiently in everyday service than the steam 
engine. This fact is brought out more 
clearly in Table III. 
TABLE III 
MILEAGE RECORD OF STEAM AND 


ELECTRIC LOCOMOTIVES 
646 Miles Route 


Steam Electric 
Preieht milessv......2.-. 2,470,264 1,503,179 
No, Idcomotives. 0. .2... 132.91@ 42 
Annual miles per loco.... 18,400 35,800 
Passenger miles......... 1,176,680 969,827 
No. locomotives......... 23.33 13 
Annual miles per loco.... 50,500 74,500 
Switching miles......... 251,737 93,970 
No. locomotives....:.... 10.08 4 
Annual miles per loco.... 25,200 23,500 


(a) Proportioned to handle the same maximum amount of 
traffic as 42 electric locomotives which handled peak tonnage of 
1919 with ease. Hence both steam and electric locomotives 
are in excess of actual requirements of 1923 traffic. 

The freedom of the electric locomotive 
from boiler and firebox restrictions and the 
quickness with which it can be turned at 
terminals is reflected in the greatly increased 
mileage of electric road engines as compared 
with steam. The electric locomotive at pres- 
ent manufactured in small numbers is some- 
what higher in price than the steam engine 
which enjoys the material reductions in cost 
inherent to standardization and quantity pro- 
duction, but the higher priced electric loco- 
motive has proved a much more serviceable 
machine on the road and its operating record 
more than makes up for its higher first cost. 

The operating records in the St. Paul 


report indicate a very large reduction in 


expense and mileage of switching engines. 
This reduction, as indicated in Table III, 
is not wholly due to increase in mobility of 
the electric locomotive but is largely ac- 
counted for by the reduction in volume of 
switching previously required at steam-engine 
division points since eliminated, to readjust 
the tonnage of trains to meet the limitations of 
the smaller capacity steam road engines avail- 
able. The introduction of electric locomo- 
tives of larger power eliminated much of the 
switching inherent to previous operation with 
the steam-engine power and facilities in use. 


Operating Expenses 

Expenses for steam and electric operation 
on the electrified zones are clearly tabulated 
in the St. Paul report according to I.C.C. 


classification of accounts. A somewhat dif- 
ferent arrangement of these expenses in more 
condensed form is given here in Table IV. 


TABLE IV 
COMPARATIVE OPERATING EXPENSES 
FOR YEAR 1923 
Gross Ton-miles 2,993,507,000 
646 Miles Route 


PER 1000 
GROSS 
Steam Electric (each et Sci | 
Steam! Elec. 
InCts.|InCts. 
Maintenance 
TANS As ELOMEY | isk hess, 3's 102,706) fan. 3.4 
PH DShenotiom < 20. aed es es BU Ball oe ae 1.0 
Locomotives. ...| 1,335,009 480,236] 44.5] 16.0 
Other items..... 538,050 398,185] 17.9} 13.3 
Trans portation 
Fuel or power...| 1,790,000] 1,228,004] 59.8] 41.1 
Enginemen...... 836,000 463,945] 27.9) 15.5 
Lrainmenie .. .. 788,000 483,975} 26.3) 16.2 
Enginehouse exp.| 285,000 118,895| 9.5) 3.9 
Other items..... 424,624 $21,363) 14.1} 10.7 


$5,996,673 | $3,627,940 | 200.0|121.0 
0 


Electric saving. $2,368,733 79. 


Gross return year 1923 on Gross Expenditure 
2,368,733 
22,990,254 
Gross return year 1923 on Net Expenditure (addition 
2,368,733 


15,625,739 


=10.3 per cent. 


to capital account) =15.2 per cent. 
Engine Maintenance 

Commenting more in detail upon the sev- 
eral items of operating expense entering into 
this comparison between steam and electricity 
it is instructive to group together first cost and 
maintenance expense as in Table V. 


TABLE V 


FIRST COST AND MAINTENANCE 
EXPENSE 


646 Miles Route 


PER MILE RourE | Percent- 


Total 2 age of 
First Cost First Maint. First 
Cost Cost Cost 


Transmission 

and trolley™| $8,404,002|$13,000/$158.00) 1.21 
Substations. . 4,324,282] 6,680) 47.30 .70 
Locomotives. 8,069,574] 12,500) 743.00] 5.95 
Mise... . 0... 2,192,396| 3,390 


$22,990,254 | $35,570 


(a) Does not include extraordinary expenses such as renewing 
anchors, stubbing poles, etc. 

(b) Miscellaneous expense largely made up of interest during 
construction and signal system. 
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This table brings out the instructive in- 
formation that while transmission line, trol- 
ley construction, and substations constitute 
nearly 56 per cent of the total gross expendi- 
ture for electrification, they are being main- 
tained in respect to running repairs at an 
annual expense of only one per cent of their 
first cost of installation. It will be interest- 
ing to learn how much additional expense 
will be required for replacement of poles, etc., 
occurring at long periodic intervals. 

The electric locomotives constituting 35 per 
cent of the total gross expenditure, cost ap- 
proximately six per cent of their 
purchase price for upkeep each 
year. This may seem a dispro- 
portionate maintenancecharge, 
but in fact it represents the 
inescapable penalty of main- 
taining mobile equipment, like 
locomotives, subject to all the 
vicissitudes of running on rails, 
compared to the much smaller 
expense attached to operating 
stationary equipment with its 
more conservative design and 
lesser hazard. The penalty im- 
posed upon maintenance of 
mobile equipment of another 
type is brought out in a more 
startling manner by analysis 
of steam-engine upkeep as 
a percentage of its first cost, 
as given in Table VI. 


TABLE VI 


FIRST COST AND MAINTENANCE EXPENSE 
OF STEAM AND ELECTRIC 


LOCOMOTIVES 

646 Miles Route 
Steam Electric 
Total number of locomotives 167 59 
SETSiVCOSL.7 6 Gh cent te ee $5,615,505 $8,069,574 
Annual maintenance expense 1,235,009 480,236 
Percentage of first cost..... 25.3 5.95 


_ As these investments in steam and electric 
locomotives are assumed to be comparable 
for the same service rendered, the pertinent 
conclusion is drawn that under St. Paul 
operating conditions it costs 25 per cent of 
the purchase price of steam engines to main- 
tain them in running condition each year 
compared to six per cent for electric locomo- 
tives. The operation of the latter is saving 
the St. Paul road each year $854,773, or 
approximately two-thirds of the engine main- 
tenance expense that would have been in- 
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curred had steam-engine operation continued 
in 1923. This saving in locomotive mainte- 
nance expense alone is sufficient to pay the 
interest charge of 514% per cent on additions to 
capital account incurred by electrification on 
the St. Paul, and the achievement is all the 
more noteworthy whenit is considered that the 
electric locomotives are comparatively new- 
comers in the traction field and are competing 
with steam-engine construction, operation, 
and experience that has been slowly perfected 
during a century of development in rail- 
roading. Neither the electric locomotives 


Fig. 1. Electrically Hauled Freight Train Descending a 2 Per Cent Grade East of 


The train is held entirely by regenerative electric braking 


nor the steam engines they replaced on the 
St. Paul railway fully represent modern 
equipment of either type, embodying im- 
provements made during the past 10 years. 
Many additions to steam engines have been 
made and include mechanical stokers, super- 
heaters, feed-water heaters, booster on trailing 
engine or tender truck, and other devices 
installed to increase their output and improve 
their fuel economy. In these respects they 
have been successful but the addition of these 
devices has also contributed largely to 
increased cost of maintaining the more com- 
plicated engines so equipped. 

Electrical equipment has also been im- 
proved, as it must be remembered that the 
St. Paul 3000-volt direct-current locomotives 
were the first of their type, and in 1914 were 
designed new in every respect for a service 
which in magnitude and severity surpassed 
anything attempted up to that time. 

Furthermore, actual operating experience 
with the new type of power on such an ex- 
tensive scale and under similar conditions 
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did not exist, whereas the efficient handling 
of the steam equipment had been the result 
of many years’ development. Much credit 
for the low maintenance expense of the elec- 
tric operation is due to the facility with 
which the operating and maintenance per- 
sonnel of the railway developed the effective 
use of the new equipment and facilities, as 
well as to the engineers in charge of the elec- 
trification work and to those of the General 
Electric Company, who designed and fur- 


Fig. 2. Assembling Motor Truck for a Gearless Electric Locomotive at the 
Erie Works. Each locomotive carries four of these driving units 


nished the locomotives and substation appa- 
ratus of the initial installation. 

If the steam engine could be divorced from 
its boiler and firebox and reduced to the 
simplicity of cylinders, pistons, and running 
gear comprising its motive power only, it 
would undoubtedly prove fully as reliable 
and cheap to maintain as the electric loco- 
motive. The burden of providing for and 
carrying about a steam generating plant is a 
serious disadvantage to steam-engine design 
and operation, and is the penalty paid for its 
independent mobility over any track, a feature 
which the electric locomotive lacks. 

The cost of upkeep of the complete electric 
distribution system, including substations, 
is surprisingly low. Adding the cost of main- 
taining the transmission line, trolley construc- 
tion, and substations to the electric locomo- 
tive upkeep figures given, the total annual 
cost of maintaining the complete electric 
installation (costing $22,990,254 to install) 
is less than half the sum required each year for 


(2) I.C.C. account No. 384 and No. 396. 
(3) I.C.C. account No. 383 and No. 395. 


upkeep of the steam engines alone previously 
assigned to the same divisions. This convinc- 
ing proof of reliability and low maintenance 
charges of electric equipment presented in 
the St. Paul report is one of its outstand- 
ing features and is a strong argument for 
the stability of capital investment in such 
property. 


Electric Power and Engine Fuel 

Deduced from basic figures given in the 
report, power was purchased 
by the St. Paul Railway for 
0.75 cent per kw-hr., Harlow- 
ton to Avery, and 0.83 cent 
per kw-hr. ,Othelloto Tacoma, 
both figures being favorable 
to electric operation. It is 
interesting to note in this con- 
nection that the load-factor 
of the Montana Division ap- 
proximates 50 per cent. 

The foregoing electric power 
figures® do not include an 
annual operating expense of 
$141,936 for the 22 substa- 
tions appearing under items 
“train and switching power 
produced’) and amounting 
to approximately 13 per cent 
of the total power expense 
for the two electric divisions. 
This substation expense is 
only to a comparatively small 
extent affected by tonnage moved, as it in- 
cludes, mainly, the wages of operators and 
full shifts are being worked in nearly all the 
stations. 

Present substation capacity installed is 
ample to supply adequate power for a ma- 
terial increase over the present annual ton- 
nage now hauled over the 646 miles of electric 
divisions. 

It is instructive to deduce, from Table 
VII, the coal burned on steam engines equiva- 
lent to the same service performed by one 
kilowatt-hour of electric power purchased. 


TABLE VII 
COMPARISON OF FUEL AND ELECTRIC 
POWER FOR FREIGHT MOVEMENT 
HARLOWTON-AVERY 


TT OMSECOAUS oF eats ces Siecus ee oe 132,900 tons 
Oil equivalent 3 bbl. =1 ton 
Coal Ree Pinks sce Hows 98,446 tons 


Equivalent coal total........ 231,846 tons 
Lb. coal at 2000 lb........ 462,692,000 lb. 
Keweletreteinite si esc: scx 75,850,552 kw-hr. 


Lbs coalmpemiw-nre 24a.) - 6.10 lb. 
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Improvements have been made in both 
steam engine, electric locomotive, and power 
distribution economy during the past 10 years, 
but the St. Paul figures indicate that 
fully six lb. of coal (11,500 B.t.u’s.) may 
be burned on a steam engine in road serv- 
ice to haul the same gross tonnage handled 
by electric locomotives for one kilowatt-hour 
purchased at the high-tension transmission 
line. As the great bulk of power for any 
general electrification of railways must be 
produced in coal-fired steam stations, the 
above comparison gives point to the state- 
ment that approximately two-thirds of the 
fuel now burned on our railways, and con- 
stituting 17 per cent of all coal mined in this 
country, could be saved by electrification of 
all lines. 


Train Crews 

A comparison of accounts for enginemen 
and trainmen show a material saving effected 
by electric-locomotive operation. This is in 
large part due to the substitution of heavy 
for light engine power, and the saving would 
have been nearly as great with steam opera- 
tion following the same increase in weight of 
individual engine power. In this respect, 
credit is due electric locomotives on account 
of fewer engine failures and the higher 
speed at which they can deliver full tractive 
power on ruling grades, as these contrib- 
ute materially to the elimination of over- 
time expense common to operation of 
steam engines of limited power over a broken 
profile. Former steam-engine crews readily 
acquired the knowledge and skill necessary 
to operate electric locomotives and the change 
from steam to electricity was made. with 
_ slight change in operating personnel in the 
electrified zones. 

Enginehouse expense is greatly reduced 
with electric operation due largely to dis- 
continuance of two division points and the 
elimination of the steam boiler and fire-box 
which necessitate boiler washing, cleaning 
fires, dumping ashes, as well as the many 
minor repairs made on steam engines and 
charged to enginehouse expense. The St. 
Paul electric locomotives are double-ended, 
require no turntable, and are being operated 
in continuous service for 5000 miles or more 
between inspections. Operating figures given 
show the large saving resulting from the elimi- 
nation of the steam boiler and fire-box which 
are responsible for so much of the expense 
and delay in turning steam engines at 
terminals. 
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General Conclusions 

The report of Mr Byram leaves no doubt 
that the St. Paul electrification has been an 
economic success and shows a surprisingly 
large return upon capital additions consider- 
ing that the St. Paul tonnage has fallen off 
rather than increased as there was every 
reason to expect. 

It is difficult to apply this comparison to 
other roads as the St. Paul operating condi- 
tions are peculiar to itself. Certain funda- 
mental facts, however, appear to be clearly 
established which have general application 
to steam and electric locomotive operation 
as such and these may be briefly summarized 
as follows: 

(1) Electric locomotives have proved 
able to haul the heaviest freight and 
passenger trains over severe mountain 
grades under all weather conditions in a 
reliable and safe operation. 

(2) Electric operation has saved the 
St. Paul railway large sums each year 
which would otherwise have been re- 
quired to continue steam operation. 

(3) The estimate of total gross sav- 
ings effected by the electric operation of 
the Eastern Division for 8.5 years and the 
Western Division for 4.75 years amounts 
to $19,233,007, or a return of 123 per cent 
on the net cost of electrification of $15,- 
625,739. 

(4) The fixed charges on power 
transmission and distribution are high 
per 1000 ton-miles moved on account of 
the small annual volume of traffic. 

(5) The maintenance charges on the 
power transmission and distribution sys- 
tems have thus far been surprisingly low, 
amounting to but one per cent of the 
first cost as annual expenditure. 

(6) The maintenance of electric loco- 
motives is but one-third of that estimated 
for steam engines hauling the same ton- 
nage, this annual saving of $854,773 
being a sum sufficient in itself to pay 
interest charges upon the net cost of the 
complete electrification. 

(7) The cost of electric power shows 
a saving of $560,000 per year over the 
estimated steam-engine fuel, due largely 
to the favorable water-power conditions 
obtaining in the Northwest. 

(8) The estimated saving of $672,000 
per year in train-crew expense is due 
largely to the substitution of heavier for 
light engine power, and is not entirely 
an inherent saving due to electrification. 
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Fig. 3. The 60,000-kw. Generating Plant of the Montana Power Company on the Missouri River at Great Falls, 


Fig. 4. 


Montana. This plant was built principally to supply power for the St Paul electrification 


Typical Coast Division Railway Substation, built with gable roof to withstand the heavy snows encountered in 
the Cascade Mountains. The snowfall during the season sometimes exceeds 100 ft. 


236 April, 1925 
(9) Other savings amounting to ap- 
proximately $409,231 per year are made 
up of several items, chief of which is a 
large reduction in the enginehouse ex- 
pense estimated for steam operation. 

(10) A study of the comparative cost 
of steam and electric operation indicates 
a much larger saving by electrifica- 
tion would result with greater tonnage 
moved. 

The report is not a comparison of modern 
steam and electric locomotives comprising 
all the improvements made in the last ten 
years elapsing since the initial St. Paul in- 
stallation was made. It compares the steam 
engines of 1914 with the electric locomotives 
designed in that year and in 1916. The 
cutstanding economic feature o the report 
is the very large reduction shown in the 
expense of engine maintenance and _ this 
advantage of electric over steam locomotives 
appears to be fundamental as further evi- 
denced by operating records of other railways. 
Additions to steam engines since made and 
now considered essential to modern engine 
equipment are effective in increasing output 
and fuel economy but do not contribute to 
any reduction in cost of upkeep. It is a 
serious economic matter to provide for a 
maintenance charge on steam motive power 
which equals its first cost in four years. 

Electric locomotive improvements on the 
contrary have been made to still further 
increase its reliability. With the modern 
steam engine becoming more complicated 
and costly and the electric locomotive being 
designed for greater simplicity and reliability, 
there is sound reason to expect a much lower 
. cost-of upkeep as a fundamental advantage 
inherent to future electric motive power. 

The first cost of steam and electric locomo- 
tives are not widely different in the report, 
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especially for freight service, and it may be 
considered a standoff in new electrifications 
if the future brings about anything approach- 
ing quantity production and uniform design 
of the latter. Additions to capital account 
incurred by electrification, therefore, appears 
largely in power transmission and distribution 
expense. The annual cost of maintaining 
this construction is very low especially if the 
annual volume of traffic handled is large. The 
St. Paul power transmission and distribution 
system is adequate to supply power for a 
material increase in the number of trains 
now hauled, thus indicating how compara- 
tively unimportant the operating and fixed 
expenses for this construction would be on 
other electrified roads more happily favored 
with respect to greater volume of traffic. 

The fundamental reason for considering 
any railroad electrification centers in the rela- 
tive performance of the steam and electric 
locomotive. Its adoption may relate to 
track congestion, grade revision, tunnel opera- 
tion, smoke abatement, bad water conditions, 
heavier trains, higher speeds, or other condi- 
tions reflecting the limitations of the steam 
engine. In nearly every instance, however, 
the electric locomotive is called upon to do 
something not possible with steam engines. 
To these reasons influencing the adoption of 
electrification, the St. Paul report contributes 
such convincing operating facts as to warrant 
the belief that economic necessity alone may 
hasten the replacement of the steam engine 
under certain favorable conditions. 

Electrification of our railways may well 
point a way to solve the difficult problem of 
meeting the desires of railway investors and 
employees for increased return and at the 
same time satisfy the demands of the general 
public for lower transportation rates and 
improved facilities. 
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Joint Operation of Steam and Electric Trains Over 


the Dallas-Denton Division, Texas 
By B. F. Cooke 


SUPERINTENDENT OF POWER, TEXAS INTERURBAN RAILWAY, DALLAS, TEXAS 


The exceptional versatility of electric power application is well exemplified in this case where the interurban 
advantages of electric motive power have led to its adoption in connection with branch-line steam service and 
over the same tracks. Furthermore, electrification is not only possible under these conditions but preserves the 
well-known operating advantages of ‘‘straight”’ interurban electrification. The electrical equipment, including 
passenger and express cars served by supervisory controlled automatic substations, is virtually an independent 
system operated in schedule harmony with the steam system by a dispatcher common to both. The physical 
characteristics of the trackage, the method of electric power supply and control, and the features of dispatching 
are explained in the following article by the Superintendent of Power of the Interurban Company.—EbpITor. 


On May 15, 1922, the Missouri-Kansas- 
Texas Railroad Company and the Texas 
Interurban Railway entered into a contract, 
for a term of 50 years, under which the 
Missouri-Kansas-Texas Railroad would be 
electrified between Dallas and Denton, Texas, 
and used jointly by the Railroad Company’s 
steam trains and the Interurban Company’s 
electric cars. 

The electrification was begun in March, 


° 1924, and completed October 1, 1924, at 


which time interurban service was opened. 


Track Laying and Trestling 


The distance between Dallas and Denton is 
38.66 miles, of which 33.38 miles are Missouri- 
Kansas-Texas Railroad Company tracks. 
From the Dallas Interurban Station to the city 
limits the Interurban uses the Dallas Railway 
Company (city lines) tracks. The Interurban 
Company built 1.5 miles of its own track 
between the city limits of Dallas and a point 
near the railroad yard limit where its tracks 
join those of the Railroad Company. The 
Interurban Company also built its own track 
between the Denton Interurban Station, 
which is located in the business district, and a 
point near the railroad yard limit at Denton. 
Several additional spur tracks were built to 
accommodate meeting trains between Dallas 
and Denton. Seventy-pound rails were used 
on all new work, the Railroad Company’s 
tracks being of 66-lb. rails. 

The Railroad Company supervises and 
maintains all property used jointly by the 
two companies, for which it is reimbursed 
monthly by the Interurban Company. The 
Interurban Company cares for the mainte- 
nance and supervision of all property used 
solely for the operation of electric cars. 

Two trestles were built by the Interurban 
Company just beyond the city limits of 
Dallas. One is of pile construction and is 
approximately 400 ft. long, and was built to 
span Cedar Springs Creek and to furnish an 


under-pass for a proposed highway. The 
other is of steel construction supported on 
concrete pilasters, is approximately a quarter 
of a mile long, spans a small creek, and 
furnishes an under-pass for a county road 
and the St. Louis and Southwestern Railroad. 
The trestle work ascends to the over-pass 
on a 5 per cent grade with a 20 deg. reverse 
curve, both of which were necessitated by the 
existing street and railroad grades. This 
latter structure was built at a cost of approxi- 
mately $45,000. 


Power and Transmission 


Power for the line is furnished by four 
substations, one of which is manually operated 
and is located one mile from Dallas. The 
other three are automatic substations and are 
located 13.5, 24.5, and 36.5 miles from Dallas, 
leaving a two-mile stub feed on the Denton 
end. The manually operated station is owned 
and maintained by the Dallas Power and 
Light Company (the local Power Company), 
and furnishes power for the operation of city 
cars as well as the interurban cars. This 
station contains one 1000-kw., 600-volt direct 
current, motor-generator set, and has space 
for two additional machines of the same size. 

The three automatic substations are owned 
and maintained by the Interurban Com- 
pany, however. Power for them is furnished 
by the Texas Power and Light Company’s 
60,000-volt high-tension line serving this 
territory. The high-tension structures are of 
the outdoor type and serve small towns in 
their vicinity as well as the railway sub- 
stations. The converter and switching equip- 
ment are housed in a brick structure 20 by 
20 ft. inside dimensions. Louvers in the 
walls near the floor and vents in the roof 
provide adequate ventilation. The louvers 
and vents can be opened or closed to regulate 
the room temperature. An oil-cooled, three- 
phase/six-phase, 300-kv-a. transformer, Y- 
connected primary and diametrical secondary, 
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is used to step the voltage down to 445 volts 
and a 300-kw. synchronous converter is used 
to convert it into 600 volts direct current. 
In addition to the transformer and converter, 
each station is equipped with alternating- 
current and direct-current arresters for light- 
ning protection, one 5-kv-a. control power 
transformer (445 to 220-110 volts), which 
is also used for station lighting, and automatic 
switching equipment for performing the 
starting and stopping operations ordinarily 
done by the station operator in manually 
operated stations. Various protective devices 
safeguard the station against damage by 
abnormal conditions or irregularities occur- 
ring on the system or within the station. One 
of the most noteworthy recent developments in 
automatic equipment is the 
motor-operated time-delay 
relay. This relay is a vast 1m- 
provement over the oil dash- 
pot relay, in as much as it 
affords a more definite and 
wider range of time settings. 


Each station has a %4-in- eS 
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cir. mil copper conductor insulated for 3000 
volts and lead covered. This cable is in a 
2-in. galvanized conduit. The conduit was 
run from the station under a paved highway 
and up a pole to a pot head just below the 
trolley wire feeder. The iron conduit is 
considered as adequate protection for the 
station against lightning. However, a “ panel- 
board arrester’? was installed on the pole to 
protect the cable from lightning. The 3000- 
volt insulation was used as an extra pre- 
cautionary measure. The usual precautions 
were taken to protect both cable and conduit 
from electrolysis. 

The overhead system is of the catenary 
type with five-point suspension supported by 
single 40-ft. poles set 9 ft. below the top of 


galvanized pipe running Dallas Co 
underground from inside the 
station to a post near the 
track where it is brought 
up in a convenient place and 
a short hose attached for 
connection with the com- 
pressed air tanks on the line 
car. On its inspection trips f 
the line car stops at each Sesvion 
station, ‘blowing out”’ the 
machinery and other equip- 
ment weekly, and painting 
the converter winding with 
an ‘‘air brush”’ yearly. 

The negative return between the rails and 
the station consists of a 1,000,000 cir. mil 
bare copper stranded cable run underground 
in a two-inch galvanized pipe. <A brass 
wiping cap is screwed on at each end of the 
pipe and a joint wiped to the copper cable. 
Thus the galvanized pipe serves as a conductor 
as well as protecting the cable from mechani- 
cal injury and deterioration. The pipe joints 
are bonded to prevent electrolysis at these 
points. One end of the copper conductor 
is connected direct to the converter and the 
other end is soldered to five 0000 cross bonds 
between the rails. The rails are bonded with 
0000 ribbon brazed bonds and 0000 cross 
bonds are used at every ‘“‘feed-in”’ tap to tie 
the two rails together. 

The positive feeder. between the station 
and trolley wire feeder consists of a 750,000- 
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Fig. 1. Map of the Dallas-Denton Division, Showing Also the Location of 
the Automatic Substations and Power Lines 


the rail and spaced approximately 150-ft., 
except along the Interurban Company’s 
tracks near Dallas and near Denton where 
direct suspension is used with 100-ft. pole: 
spacing. The actual spacing, however, is 
governed by existing conditions. The poles 
are of Southern long-leaf yellow pine treated 
by the ‘“‘Rueping”’ process. All poles are 
back-guyed with ‘‘never-creep’’ anchors. 
Storm guys are placed every half mile and at 
each end of curves. The trolley wire is 0000 
grooved copper supported by 7%-in. double- 
galvanized stranded steel cable. A 300,000- 
cir. mil feeder, mounted on steel brackets, 
parallels the trolley wire the entire length 
of the line with six feed-in taps to the mile. 
Lightning arresters were placed at every 
feed-in tap. Corrugated cast-iron plates were 
set under the bases of the poles and a 34-in. 
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galvanized pipe, screwed into the plate and 
extending six inches above the ground, was 
used for the lightning arrester grounds. A 
brass cap screwed on the end of the pipe 
afforded a convenient means of connecting 
the ground wire. A tap from the ground wire 
was also soldered to the rail cross bonds. 


Telephone and Supervisory Control System 

The telephone system consists of two 
metallic-return telephone circuits extending 
from Denton to Terrell, via Dallas. One of 
these circuits is known as the ‘‘ Dispatcher’s 
line’? and is normally used for dispatching 
trains over both the Denton and Terrell 
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stations along the line are equipped with 
jack-boxes and plugs to permit plugging the 
instruments in on either line. 

The train dispatcher operates the auto- 
matic substations by means of the supervisory 
control and also serves as a telephone switch- 
board operator on the commercial line. For 
instance: If Denton wanted to talk to 
Terrell, Denton would plug in on the dis- 
patcher’s line and ask the dispatcher to ring 
Terrell. Denton would then plug back on the 
commercial line for the conversation, the 
dispatcher having rung Terrell on the com- 
mercial line. Every way-station is equipped 
with two selectors, one for each line. 


Fig. 6. Farmers Branch Automatic Substation Equipped with One 300-kw., 
600-volt Synchronous Converter 


Divisions. The dispatcher ‘‘listens in’’ on 
this line at all times under normal conditions. 
(The Terrell Division is owned by the Inter- 
urban Company and is 31.5 miles in length. 
Electric cars only are operated over this 
Division.) The other circuit is known as the 
“Commercial line’ and is normally used for 
commercial purposes and for the supervisory 
control of the automatic substations on the 
Denton Division. 

A third line wire is used with this circuit 
in connection with the supervisory control 
system. Selective apparatus is used on both 
the commercial and dispatcher’s circuits. 
Each line is separately equipped with key 
cabinet and keys, apparatus cabinet, and 
storage battery. The commercial line also 
serves aS an emergency dispatcher’s line. 
The telephones at the various booths and way- 


The use of the supervisory control for 
operating the automatic substations has 
several advantages over straight automatic 
operation. Three selector keys and two 
signal lights,.one red and the other green, 
are used with each station. One key is for 
starting, one for stopping, and one for turning 
the station over for automatic operation. 
The signal lights indicate whether a station is 
running or shut down; the red light burning 
when the station is running and the green 
light burning when the station is shut down. 
A bell in the office rings when a change in the 
lights takes place, to inform the dispatcher | 
that a station is either starting or stopping. 
These signal indications are a great help in 
preventing delays in train service due to 
lack of power. In case a station shuts down, 
due to the functioning of one of its protective 
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devices or to high-tension line trouble, the 
dispatcher is informed immediately and can 
usually get a trouble man on the job before 
delays result. Without the signals he would 
not know of the trouble until the trains 
were delayed and then he might not know 
which station was out or whether high-tension 
line trouble was the cause. With the signal 
lights the dispatcher knows when _high- 
tension line trouble occurs, by all the stations 
shutting down at the same time, and so can 
notify the Texas Power and Light Company. 
Otherwise he would naturally call an Inter- 
urban Company trouble man out unneces- 
sarily. 

The advantage of starting and stopping the 
stations with selector keys results from 
operating conditions peculiar to the system. 
Under automatic operation the cars will hold 
a station on the line continuously through the 
day, operating at an uneconomical load 
factor. This is due to the frequency of stops 
along the line and the heavy flow of current 
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Fig. 7. Control Panels, Starting and Running Panels, 
and Load-limiting resistance for 300-kw., 600-volt 
Synchronous Converter in Substation 
Shown in Fig. 6 


while the car is accelerating after having 
made a stop. The time-delay stopping relay 
will reset due to the rush of current when the 
car starts, and before the relay has ‘‘timed 
out’’ another stop is made, resetting it again. 
Thus the station is held on the line continu- 
ously when in reality it is only needed a part of 
the time. Shortening the time setting so the 


station will shut down, causes it to shut down 
when a car makes a stop or is waiting on a 
siding. This frequent starting and stopping is 
more detrimental to the station equipment 
than continuous running. 

The train dispatcher knows the approxi- 
mate location of all trains on the system at 
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Fig. 8. Selector Type Supervisory Control Cabinet and 
Auxiliary Panel in Substation Shown in Fig. 6 


all times, each agent reporting to him when a 
train passes his station. Being familiar with - 
the location of trains, the dispatcher knows 
where there is demand for power and operates 
the substation accordingly. A regular sub- 
station operating schedule has been prepared 
from the train schedule, but this of course 
cannot be used when trains are late. However, 
late trains are a rare occurrence on this system. 
Ordinarily the dispatcher starts or stops the 
stations at certain predetermined times of 
the day. In case there are delays and the 
trains get off schedule, he uses his judgment 
and starts or stops each station according to 
the demand for power, or he can lock all the 
stations in and keep them running until the 
trains get on time. 

The automatic starting relays (contact- 
making voltmeter) in the substations are set 
to start the station in case the trolley voltage 
falls to a certain minimum value; and the 
stopping relay to shut down the station 
under conditions of prolonged underload, 
regardless of the supervisory control system. 
Therefore, the stations will function auto- 
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matically in case the dispatcher fails to 
operate them, thus eliminating the only 
objectionable feature, that of the “‘human 
element.” 

The application of supervisory control to 
this system will save more than a thousand 
dollars a year in conversion losses in addition 
to the resultant saving in maintenance and 
depreciation. Another desirable feature of 
this installation is that, by adding another 
key to the key cabinet and a selector with 
auxiliary equipment, almost any kind of 
signal at any point on the line can be operated 
from the dispatcher’s office. At present there 
are no-such signals in use, but in case future 
developments demand them, they can be 
installed at very little expense. 


Train Operation 

The electric rolling stock for this line 
consists of six light-weight one-man passenger 
cars and one express car. These are of the 
same type as those on the Terrell line and can 
be used on either line. The Terrell line has 
five passenger and two express cars, making 
a total of eleven passenger and three express 
cars for the two lines. Seven passenger 
cars and two express cars are required for 
schedule operation on the two lines. Four 
passenger cars are used on the Denton 
Division and three on the Terrell. One 
express car is used on each Division. The 
other express and four passenger cars are 
maintained for emergency use. The passen- 
ger cars weigh approximately 32,000 Ib. 
and are 45 ft. in length over all. They seat 
52 passengers and have a standing capacity 
of approximately 100. Each car is equipped 
with four 35-h.p. motors (GE 265-A), one 
controller (K-35), 26-in. wheels, Brill trucks 
(77-EI), a 15-cu. ft. air compressor .(CP-27), 
and straight air brakes with auxiliary valve 
for opening and closing the sliding door. 

The fare box is mounted near the entrance 
to the car and the passengers pay on entering. 
The top compartment of this box is glass 
enclosed to permit the car operator to read the 
ticket or count the money each passenger 
deposits. He then presses a lever allowing 
the ticket or money to fall into a lower metal 
compartment, emptying the top compartment 
for the next passenger’s deposit. A ‘‘ Desti- 
nation check” having a number printed in 
large figures on both sides is handed to each 
passenger as he drops his fare in the box. 
This number corresponds to the number of 
the particular stop to which the passenger has 
paid his fare. The passenger deposits this 
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check in the box upon leaving the car, so that 
the operator can determine from the number 
on the check whether the passenger is getting 
off at the stop to which he paid his fare. 

Hourly interurban passenger service is 
provided each way from 5:00 a.m. until 
11:00 p.m. The Electric Express and Bag- 
gage Company operates two express cars 
each way daily. The Missouri-Kansas-Texas 
Railroad Company operates four passenger 
trains and two freight trains daily. The 
schedule running time between the city 
limits of Dallas and Denton averages 28 
m.p.h. Eighteen minutes is required for the 
3.5-mile run from the Interurban Station at 
Dallas to the city limits. The running time 
from Dallas Interurban Station to Denton 
Interurban Station (38.5 miles) is 1 hr. 40 min. 

All trains operate under the Railroad 
Company’s standard rules so far as they are 
applicable to the particular train. In addition 
to the standard rules, special rules governing 
the joint operation of steam and electric 
trains were drafted by the officials of the two 
companies. Passenger trains, both steam and 
electric, are ‘‘first class.’’ Electric express cars 
are ‘‘second class’’ and steam freight trains 
are ‘‘third class.”’ 


The Railroad Company dispatchers control - 


the movement of all trains over the system. 
The dispatcher’s office is located at the 
junction of the Railroad Company and 
Interurban Company tracks just beyond 
the city limits of Dallas. These same dis- 
patchers also dispatch trains over the Terrell 
Division. At the junction of the Railroad 
and Interurban Company tracks near Dallas 
and near Denton the switches are normally 
lined for Interurban operation. 
patcher operates the switch for steam trains 
at the junction near Dallas, but one of the 
train crew has to operate the switch near 
Denton, thus necessitating the stopping of 
steam trains at this junction. 

Where steam passenger trains and inter- 
urban cars meet, the train occupies the main 
line while the interurban car takes the siding, 
the car being able to get in and out of a siding 
more rapidly than a steam train. The cars 
generally clear the main line in time to allow 
the steam trains to pass on without making 
a stop. The trains, however, are required to 
approach meeting points under control. 
Each interurban car carries a negro porter 
who attends to flagging and assists passengers 
with their baggage. So far, joint operation of 
the different type trains over the same tracks 
has been successful beyond all expectations. 


The dis- | 


The Mill-type Magnetic-time Control System 


By J. D. Wricut 


INDUSTRIAL ENGINEERING DEPARTMENT, GENERAL ELECTRIC COMPANY 


The most serious difficulty confronting the designer of electric motor equipment is the great divergence 
between starting and running conditions. Factors of momentum, acceleration, and possible overload at 
starting must be taken care of in such a manner as not to compromise the running characteristics more than 
necessary. For this purpose, there has been developed a great variety of controllers ranging from simple 
rheostatic apparatus to the more elaborate relay equipment. The spevial starting problems of steel mill 
auxiliary motors have recently been met more satisfactorily by the adoption of a new type of control mech- 
anism. Mr. Wright’s article describes this system of control, and explains why the development of it was 


necessary.—EDITOR. 


The one most essential requirement of an 
auxiliary drive in a steel mill is that it shall 
in no way delay the operation of the mill of 
which it is a part. When the operator moves 
the master-switch handle to a running posi- 
tion, the motor must start or, failing to start 
after exerting the maximum possible starting 
torque within its capacity, it must be dis- 
connected from the line. The motor must 
and will do its utmost, but it can do so with- 
out injury only when governed by the proper 
type of control equipment. It is the control 
that must make the motor go about its work 
with only normal effort or, in case of need, 
exert the greatest power of which it is capable. 
The control must also provide that the motor 
shall not be overtaxed but, having once done 
its utmost, shall be relieved of further effort 
which could only result in damage. 

For many years controllers providing 
current-limit acceleration have been exten- 
sively used. Where the load conditions are 
practically constant, this system may be 
ideally applied. However, if the loads are 
variable, the current-limit control must be 
adjusted to meet the worst condition. This 
’ adjustment once made is rarely changed, with 
the result that the motor and control are 
forced to handle all loads with the same 
effort as is required for the maximum. 
In steel-mill service the heaviest auxiliary 
motor loads frequently occur when a cold 
mill is first being put into operation. It does 
not take long to get the mill “‘limbered up” 
and the extreme load conditions are then 
largely eliminated. 

Steel-mill engineers, realizing the vital 
necessity of maintaining continuity of opera- 
tion, are always striving for greater simplicity 
of control. They are often willing to give 


up some of the advantages of more com- | 


plicated systems for the greater simplicity 
of less theoretically perfect systems. It is 
for that reason that there exists a growing 
demand for a good time-limit control. 


It is the object of this article to describe 
an equipment developed primarily to meet 
the demands of steel-mill electrical engineers 
for a simple, rugged, and reliable magnetic 
controller which will provide definite time 
control of the motor acceleration. Time- 
limit controls are not new. It is the fact 
that the timing is obtained simply and reliably 


Fig. 1. Definite Time Delay Accelerating Relay 


by a magnetic effect that makes this control 
system unique. It has been called the ““MT”’ 
system, not only because of its ‘‘ Magnetic 
Time”’ features, but also because the devices 
used to make up the controller have been 
particularly designed to give long life under 
the severe operating conditions encountered 
in steel mills, and have proved themselves 
worthy of being called ‘‘ Mill Type.”’ 

The timing of the accelerating contactors 
is obtained by the use of the relay shown 
in Fig. 1. Its armature A has a bearing of 
the knife-edge type at B. The contacts 
C, which are connected in the coil circuit of 
an accelerating contactor, are normally closed. 
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After the relay armature has been picked 
up, its coil is short-circuited by a contactor 
as will be described later. Due to the self 
inductance of the short-circuited coil, a 
definite time is required for the flux to decrease 
to a point sufficient to allow the armature 
to release, and it is thus that time-limit 
acceleration is obtained. An adjustment of 
the pressure of the calibrating spring D. 
by turning the nut £, permits of varying the 
time from 0.4 to 1 second. Each accelerat- 
ing contactor is provided with one of these 
timing relays. In view of the fact that most 
steel-mill auxiliary motors must be acceler- 
ated in a maximum of 2 or 3 seconds with 
controllers having two or three accelerating 
contactors, it is evident that the maximum 
relay timing is entirely ample. 

The time characteristic of the relay is 
practically unaffected by the usual voltage 
variations encountered in a steel mill, and 
a change in the excitation from 230 to 115 
volts produces no change in the timing that 
can be measured by a stop watch. The timing 
is also unaffected by changes in temperature. 
It may therefore be said that these relays 
provide a time element which remains con- 
stant under all operating conditions and which 
may readily be adjusted to suit individual 
requirements. 

The control system provides time-limit 
acceleration when the motor is started from 
rest. On equipments used for reversing 
service, the system provides another essential 
feature, viz., current-limit control of the 
plugging contactor which short-circuits the 
plugging resistor. On any reversing control 
it is essential that, when the motor is being 
started from rest, the plugging contactor shall 
close immediately after the reversing con- 
tactors. It is also essential that, when 
the motor is being reversed, the plugging 
contactor shall not close until the motor is 
practically at standstill. Definite time- 
limit control of the plugging contactor would 
not be satisfactory; for if it could be adjusted 
to close the plugging contactor properly 
when starting from rest, it would close it too 
quickly when the motor is reversed. Like- 
wise, if it could be properly set for plugging, 
proper response of the motor to movement of 
the master-switch handle from the ‘‘off” 
position could not be obtained because of the 
time delay before the short-circuiting of the 
plugging resistor. The torque developed at 
standstill by a series motor with the usual 
starting and plugging resistor connected in the 
armature circuit is approximately only 60 
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per cent; whereas, that developed when the 
plugging resistor is short-circuited is approx- 
imately 200 per cent or over 3% times as 
great. These facts explain why it is essential 
to have the plugging contactor close im- 
mediately after the reversing contactor 
when the motor is started from rest. 

The control of the plugging contactor is 
obtained by the relay illustrated in Fig. 2. 
This relay differs from the accelerating relay 
only by the addition of contacts at F and 
G which make the relay normally open 
irstead of normally closed. The coils are 


Fig. 2. Relay for Control of Plugging Contactor 


identical and it should be mentioned here 
that only one size of relay coil is required 
for a given line voltage, regardless of the 
size of the motor which is to be controlled. 

An elementary diagram of connections 
of a reversing controller is shown in Fig. 3. 
In this sketch the reversing contactors are 
labelled 1F, 2F, 1R, and 2R and the circuit- 
breaker contactor, CB. The plugging con- 
tactor is P, and 1 and 2 are the accelerating 
contactors. The relays which control the 
closing of the plugging contactor are PF 
and PR, PF being effective when the master 
switch is moved to the ‘‘forward”’ position and 
PR when operating in reverse. The timing 
relays 1A and 2A control contactors 1 and 2 
respectively. 

With the master switch in the “off” 
position, the circuit breaker contactor CB 
will close when the line switch is closed. 
This contactor is held closed by an interlock, 
It will open on failure of voltage or upon 
tripping of the overload relays, but having 
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once opened it cannot again be closed until 
the master-switch handle is first returned to 
the ‘“‘off’’ position. 

Assuming that the operator moves the 
master-switch handle to a ‘“‘forward’’ posi- 
tion when the motor is at standstill, the 
sequence of operations will be as follows: 
Contactors 1F and 2F will close, allowing 
current to flow through the motor and resistor. 
A voltage equal to the IR drop across the 
resistance R1—R2 will immediately be im- 
pressed on the coil of relay 1A. This will 
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Fig. 3. Elementary Diagram of Connections of 
the Magnetic-time Control System 
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Fig. 4. Current and Voltage Conditions in the 
Controller When Motor is Started from Rest 


pick up its armature and open the contacts. 
Simultaneously, the contacts of timing relay 
2A will be opened due to a voltage equal to 
the IR drop across resistance RI—R3 being 
impressed on its coil. When contactor / ° 
closes, an interlock closes the coil circuit of 
relay PF and the voltage then impressed 
on this relay coil is equal to the algebraic 
sum of the IR drop across the resistance 
R1i—kR2 and the counter electromotive force 
of the motor. As a thorough understanding 
of this action is essential, reference should be 
made to Fig. 4. The direction of current flow 
is always from Li to L2 as shown by the 
dotted arrows. The voltage drop across 
the resistor is in opposition to the flow of 
current and should, therefore, be considered as 
having a direction as shown by the full-line 
arrows. When the motor is being started 
from rest, its counter electromotive force 
opposes the flow of current and is therefore 
in the direction indicated. It is thus seen 
that the voltage impressed across the coil 


of relay PF is the sum of the voltage drop 
across resistance R/—R2 and the counter 
electromotive force of the motor. This volt- 
age is sufficient to pick up the relay armature 
and close the contacts. This causes the 
plugging contactor to close, as its coil circuit 
is energized by the closing of the relay con- 
tacts. The action is the same when starting 
in the reverse direction except that relay 
PR (Fig. 3) is energized through an interlock 
on contactor 1R and effects the closing of the 
plugging contactor. 

It is evident, therefore, that when starting 
from rest the plugging contactor will be closed 
immediately after the forward or reverse 
contactors. The closing of the plugging con- 
tactor short-circuits the coil of relay JA. 
After a definite time, this relay armature 
releases and closes its contacts, thus closing 
contactor No. 1. The closing of contactor 
No. 1 short-circuits the coil of relay 2A which 
allows its armature to be released after a 
definite time, thus closing contactor No. 2. 

When the motor is reversed, the action of 
the PF or, the PR relay is somewhat different. 
Assume that the motor is running in the 
forward direction and that the master- 
switch handle is moved to the ‘“‘reverse”’ 
position. The accelerating, plugging, and 
forward contactors will open when the master 
switch passes through the ‘‘off’’ position. 
Contactors 1R and 2R will be closed in the 
“reverse”? position and conditions will then 
be as shown in Fig. 5. The voltage impressed 
on the coil of relay PR is the algebraic 
sum of the IR drop across the resistance 
R1—R2 and the counter electromotive force. 
Inasmuch as the motor was running in a for- 
ward direction when the reverse contactors 
closed, the counter electromotive force is 
still in the same direction. It will be noted, 
however, that this direction is now, on account 
of the change in connections, opposite to the 
IR drop and therefore the actual voltage on 
the relay coil is the difference between the 
counter electromotive force and the IR drop. 
This difference will be practically zero, and 
therefore the contacts of relay PR will not 
be closed. As the speed of the motor arma- 
ture decreases, the counter electromotive 
force decreases. The voltage across the relay 
coil therefore increases until it is sufficient 
to close the relay contacts at the time that 
the motor armature is practically at stand- 
still. 

As soon as the reversing contactors close, 
the contacts of relays 1A and 2A are opened 
so that they are ready to function as soon as 


- 
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the plugging contactor is closed. The action 
of the control which occurs after the plugging 
contactor has closed is the same, regardless 
of whether the motor is being started from 
rest or has been plugged. 

Fig. 7 is a graphic ammeter record of the 
current input to a 70-h.p. 230-volt series 
motor with a reversing controller. The motor 
drives a rail-mill table approximately 75 


Direction of 
Counter E.M.F. 
‘ ~ 
; 4 

| 


Lo 


Direction of Current Flow 


PR 
Relay Coil 


Fig. 5. Current and Voltage Conditions 
When Motor is Plugged 


ft. long, consisting of 20 rollers. Extremely 
tapid operation is not essential to maintain 
the desired production and the timing of the 
relays has therefore been adjusted to give 
a tather long delay. The interval of time 
between closing of the forward or reverse 
contactors and the closing of the last accelerat- 
ing contactor is approximately 1.8 sec. when 
the motor is started from rest. When the 
motor is plugged, the interval is about 3.75 sec. 

The control previously used with this motor 
was equipped with series accelerating con- 
tactors. It was found necessary, in order to 
take care of maximum load conditions, to 
so adjust the series contactors that the cur- 
rent peaks were between 700 and 800 amp. 
Since the installation of the new 
controller, the current peaks have 
been reduced to those shown by 
Fig. 7.. The peaks are, of course, 
higher when starting a cold mill 
but soon come down to a maximum 
of about 350 amp. 

Fig. 6 is shown to illustrate a 
fairly rapid cycle obtained by short 
timing of the relays. Here the mo- 
tor is accelerated in about 1 sec. 
and is reversed in approximately 
11% sec. ee) 

Fig. 8 shows a typical control 
panel. 
moulded from a compound that 
has been especially developed for 
this purpose, and which is superior to slate. 


This compound is of asbestos, combined with 
a high grade insulating material. The impreg- 
nating compound and the method of impreg- 


nation and treatment were developed in 
the Research Laboratories at Schenectady, 
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and the product has been given exhaustive 
tests. 

The appearance of the front of the panel 
is identical-with that of slate but the material 
has very much greater resistance to mechan- 
ical shock and has better electrical qualities 
than slate. The greater shock-resisting 
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>» 4 be 
One Second 
Fig. 6. Ammeter Record of Current Peaks Under 


Heavy Load, Showing Fast Acceleration 
with Mill Type Controller 


power permits the use of thinner and conse- 
quently lighter weight panels, which serves 
to decrease the total weight and cost of the 
equipment. 

The resistors shown in Fig. 8 employ 
what is known as the unit box type of con- 
struction; only one size of cast iron grid 
with three-point support is used in each frame 
and all grids are connected in series. It 
will be noted that the four equally spaced 
terminals are all on one side of the box. 
This simplifies the wiring to a considerable 
extent. For motors ranging from 30 to 


It consists of three bases Fig. 7. 


Cg de ax 


3.75 Seconds 


Graphic Ammeter Record, Showing Input to 70-h.p., Series 
Mil! Motor Connected Through a Magnetic Controller 


150-h.p. capacity only six different boxes are 
required. 

This standardization of boxes makes pos- 
sible quick repairs by substituting for the 
damaged boxes complete new boxes which will 
be mechanical and electrical duplicates. 
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Fig. 8. Typical Magnetic Type Control Panel and Unit Box Resistor 


The damaged boxes can then be sent 
to the repair shop and the individual grids 
replaced when convenient. In order to 
make the identifying of duplicate boxes 
readily possible, the end frames can be 
painted various colors, a single color being 


Fig. 9. Back View of Panel, Showing 
Motor and Control Circuit Wiring 


used for all boxes containing the same sized 
grid. 

When greater current-carrying capacity 
than that of the single grids connected in 
series is required, boxes or sections of boxes 
may be connected in multiple. 
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Installation of Auxiliary Steel Mill Motors to which the 
New Magnetic-time Control System is 
Especially Adapted 
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The Adjustable-speed Alternating-current Motor 


with Shunt Characteristics 
By H. C. Unt 


INDUSTRIAL ENGINEERING DEPARTMENT, GENERAL ELECTRIC COMPANY 


Into the extensive family of electric motors of widely varying sizes and characteristics, there has been 
born a new child which has already shown promise of being a prodigy. This motor possesses the much-sought 
combination of alternating-current adjustable-speed shunt-characteristic features and yet is a relatively 


simple and compact machine. 


application in a wide and varied range of industries. 


Due to its attractive operating characteristics, this three-phase motor finds 
The design features of the motor and details of its 


different applications to various industries are outlined in this article-—EDIToR. 


The development of satisfactory alternating- 
current adjustable-speed motors, and com- 
binations for obtaining adjustable speed, has 
been given much attention both in Europe 
and in this country because of the quite 
general use of alternating current and because 
the usual types of alternating-current motors 
give constant speed or approximate constant 
speed. 

The alternating-current adjustable-speed 
brush-shifting motor described in this article 
has shunt characteristics; that is, its change 
of speed is only moderate as compared to the 
change in load. It is sometimes known as 
the Schrage motor from its inventor, K. H. 
Schrage of Sweden. As developed in this 
country by the General Electric Company, 
it is known as the type BTA motor and is 
built to supply the demand for an alternating- 
current motor having shunt characteristics, 
which will also provide adjustable-speed 
features without unduly complicating the 
machine. Such a motor may be used for a 
wide field of applications where its character- 
istics are desirable or necessary and where 
alternating current is the only available 
power supply. 

Motors of this type are at present available 
for use on three-phase 60-cycle circuits for 
220, 440, or 550 volts, and are usually built 
for a three-to-one speed range with a horse- 
power output rating directly proportional to 
the speed. They can also be built for other 
speed ranges and frequencies, as well as for 
use on two-phase circuits. Ratings from 3 
to 50 h.p. are now available and larger 
sizes have been built. The three-phase 
60-cycle motors from 3 to 124% h.p. inclusive 
have a full-load speed range from 550 to 
1650 r.p.m.; and the motors from 20 to 50 h.p. 
inclusive have a full-load speed range from 
415 to 1250 r.p.m. The horsepower given 
is that at the highest full-load speed. It is 
possible to obtain more horsepower per pole 


from the 25-cycle motors for a given speed 
range than from the 60-cycle motors. 


General Characteristics 


In sizes from 3 to 50 h.p. with a speed 
range of three-to-one, for use on three-phase 
60-cycle low-voltage lines, the motors possess 
the following general characteristics: 


Speed 

The motors have a full-load speed range of 
three-to-one, the slip reducing the top and 
bottom speeds and all intermediate speeds as 
with an induction motor. The change in 
speed from no load to full load, however, is 
greater than for an induction motor, but is 
substantially the same in revolutions per 
minute over the speed range of the developed 
ratings, except at and near synchronous 
speed where it is less. At high speed this 
amounts to 5 or 10 per cent of the speed in 
question, and at low speeds to 15 or 20 per 
cent of the speed in question, depending on 
the rating of the motor. 


Starting Torque, Maximum Torque, and Start- 
ing Current 

With the brushes in the low-speed position 
the motors may be thrown directly on the 
line and will give from 150 to 250 per cent 
of normal torque at starting with only 125 
to 175 per cent of full-speed line current. The 
maximum running torque at low speed is 150 
to 250 per cent of normal torque, and in- 
creases as the speed is increased. For the 
high-speed position, the maximum running 
torque is 300 to 400 per cent of normal torque. 

With the brushes in the high-speed position 
the starting torque is approximately 110 to 
150 per cent of normal torque, although the 
static torque may be materially less than 
these values due to the position curve, and 
the starting current is approximately 400 to 
600 per cent. 
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Starting Conditions and the Use of Secondary 
Resistance 


In view of the foregoing differences in 
starting torque and starting current values 
for different brush positions, it is desirable 
that the motor be started with its brushes 
in the low-speed position where the starting 
current is extremely low and the starting 
torque very high. By the use of secondary 
resistance, it is possible to start in any brush 
position with low starting current and good 
starting torque.. Nevertheless, it is seldom 
necessary to use secondary resistance for 
starting as in most applications it is possible 
to start the motor with the brushes in the 
low speed position. Where the amount of 
speed range is small, however, it would be 
desirable to use secondary resistance even 
with the brushes in the low-speed position 
because, as synchronism is approached, the 
starting current values approach those of an 
ordinary induction motor. 

It is possible to use secondary resistance to 
obtain lower speeds than the rated speeds as 
in wound-rotor induction motors. In the 
brush-shifting motor, héwever, it is necessary 
to keep each phase of the resistance in- 
dependent. Secondary resistance is frequently 
used to obtain a creeping speed of one-half 
the otherwise minimum speed, for applica- 
tions such as textile printing (for pattern 
adjustment and threading in) where the 
motor is loaded during this period. The 
secondary resistance is used in conjunction 
with contactors, which when closed short- 
circuit the resistance and when open insert 
the resistance. These contactors are con- 
trolled by a push-button station, or a small 
master switch. 

When secondary resistance is used, an 
amount to give a certain reduction in revolu- 
tions per minute with full torque at low speed 
will give approximately the same decrease 
in revolutions per minute when used with the 
same torque at other speeds. 

It is also necessary to use secondary 
resistance when the motor is to be plugged. 


Direction of Rotation 

The motors will operate continuously in 
either direction, i.e., clockwise or counter- 
clockwise facing the commutator, with the 
brush mechanism set for the rotation desired. 
They may be reversed by interchanging 
two line leads as on an induction motor. 
Reverse operation should be permitted only 
for short periods, as the torque, power- 
factor, and heating characteristics of the 


i 


usual motor in reverse, with brushes set for 
forward rotation, are not so good as when 
the brushes are set for the desired rotation. 
The brushes may readily be set for either 
direction of rotation. 

The motor may be arranged for reversing 
service without resetting the brushes, by 
permitting a decrease in the starting torque 
and in the low-speed power-factor. 


Efficiency and Power-factor 

For ordinary sizes of motors the high-speed 
full-load power-factor will be from 95 per 
cent lagging to unity. The low-speed full- 
load power-factor will be approximately 65 
to 70 per cent lagging. The low-speed light- 
load power-factor, however, will be higher 
than the low-speed full-load power-factor. 
The power-factor at synchronous speed is 
determined by the characteristics of the 
machine when operating as a plain induction 
motor. It is thus apparent that. where the 
motor draws the most energy from the line, 
i.e., at high speed, the power-factor is the 
best. 

The efficiency of this shunt-characteristic 
motor remains nearly constant over the 
greater part of its speed range, but is some- 
what lower at the low speeds. The efficiency 
at synchronous speed and high speeds will 
be slightly lower than for an induction motor 
of the same horsepower at synchronous 
speed. The average efficiency is high as 
compared to that of wound-rotor induction 
motors with secondary resistance, or when 
compared with direct-current motors operat- 
ing from alternating-current—direct-current 
conversion apparatus. 


General Considerations 


The brush-shifting motor has a very low 
voltage on the commutator which is partic- 
ularly advantageous for certain applications. 
This voltage is the same when starting or 
running. 

Variations of line voltage do not materially 
affect the speed as with direct-current 
machines, the motor being similar to an 
induction motor in this respect. 

Neither do temperature variations affect 
the speed as with direct-current shunt 
motors. 


Details and Operation 

The motor may in some respects be 
compared with the wound-rotor induction 
motor, although it should be borne in mind 
that the characteristics of this brush-shifting 


250 April, 1925 
motor are quite different from the character- 
istics of the wound-rotor induction motor, 
as is shown later. 

The general construction of the motor is 
shown in Figs. 1 and 2. The. schematic 
diagram in Fig. 3 shows how the windings 
are arranged. The primary winding is in 
the rotor instead of in the stator, as is the 
case in the wound-rotor induction motor, 
and is connected to the power supply through 


Fig. 1. Adjustable-speed Brush-shifting 30/10-h. p. 
Motor, Wound for 550 Volts, 1250/415 r.p.m. 


collector rings. The secondary winding is 
in the stator, which again differs from its 
position in the wound-rotor induction motor. 


The secondary winding has each phase 
independent. In addition, this shunt-char- 


acteristic motor has a second winding in the 
rotor similar to a direct-current armature 


winding which, in this case, also connects to. 


a commutator. This winding, known as the 
adjusting winding, is placed nearest the air 
gap to obtain the benefit of lower reactance 
and thereby give better commutation. 

The motor is provided with two brush 
yokes, one located at each end of the com- 
mutator, so arranged as to shift in opposite 
directions. One end of each phase of the 
secondary winding is connected to brushes 
on one brush yoke and the corresponding 
other ends of the secondary winding are 
connected to brushes on the other yoke. 
Bus rings on the yokes keep the phases 
separate and permit the use of several studs 
per phase. With three-phase power supply 
for the primary in the larger sizes of motors, 
it is frequently desirable to use a different 
and larger number of phases in the secondary, 
and a corresponding spacing of the brushes 
on the commutator. This is possible since 
there is no electrical connection between the 
primary and the secondary. Better com- 
mutation and better operating characteristics 
are thereby obtained. 
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The primary winding in the rotor which 
connects to the power supply through the 
collector rings generates the working flux in 
the machine. This flux is substantially 
constant since the line voltage and line 
frequency are substantially constant. Since 
the adjusting winding, which connects to the 
commutator, is placed in the same slots as 
the primary winding, a voltage of constant 
value and at line frequency is induced in it 
by the primary flux, by transformer action. 
The commutator changes the’ frequency from 
line frequency to slip frequency, which is 
the frequency of the secondary of the 
machine. 

Thus the voltage between two brushes 
properly located on the commutator will 
depend upon the number of commutator 
segments between them or, in other words, 
upon the number of turns of the adjusting 
winding included between the two positions 
on the commutator where the brushes are 
located. Obviously, the minimum value of 
this voltage will be zero when the two brushes 
being considered are together on the same 
commutator segment, thus including no 
portion of the adjusting winding. Also, the 
voltage will have its maximum value when 
the two brushes are one pole are or 180 elec- 
trical degrees apart on the commutator. 
Now assume one of the brushes to be con- 
nected to one end of a secondary phase and 
the other brush to be connected to the other 
end of the same phase; and likewise for the 
other brushes or groups of brushes and 
secondary winding phases. For the con- 
dition where the brushes are together on 
the same commutator segment, it was noted 


Fig. 2. Armature of Motor Shown in Fig. 1 


that no portion of the adjusting wind- 
ing was included and it is apparent that the 
secondary winding is short-circuited. Thus 
we have the conditions existing in an ordi+ 
nary wound-rotor induction motor with 
short-circuited secondary, and the motor 
will run as an induction motor with its 
speed depending upon the frequency of 
supply and upon the number of poles of 
the motor. 


. cutting the primary flux) balances the 


- difference to permit sufficient current 
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If the brushes of the motor are now moved 
apart, some commutator segments and con- 
sequently a portion of the adjusting winding 
will be included in series with the secondary 
winding, thus impressing a voltage at slip or 
secondary frequency across the secondary 
winding. If the brushes are properly located 
on the commutator, this voltage will cause 
an increase or decrease in the speed of the 
motor because the secondary winding must 
generate a counter voltage with proper phase 
rotation to balance the voltage impressed 
upon it by the adjusting winding. The 
speed of the motor must change 
until the voltage generated by the 
secondary winding (generated by its 


impressed voltage with. just enough 


to flow to develop the required torque. 

When! the gear shaft of the brush- 
shifting mechanism is turned in one 
direction the speed is raised, and when 
turned in the opposite direction the 
speed is lowered. The motor operates 
both above and below the induction- 
motor synchronous speed. 

If the brushes of the motor are 
shifted approximately 90 electrical 
degrees around the machine, that is, 
such that the same two brushes are 
together on a segment 90 electrical 
degrees from the position referred to, 
and they then be moved apart as 
before, the speed would not change 
but the power-factor would. There- 


is placed on the gear shaft as shown in 
Fig. 1. If hand control is desired from a 
remote point, a conveniently located hand- 
wheel bracket with chain and sprocket is 
connected to a sprocket on the gear shaft 
of the shifting mechanism. The handwheel 
bracket is provided with a pointer geared to 
the mechanism and a dial so that it may be 
calibrated in any way desired. The brushes 
may also be shifted by means of a pilot motor 
and gear train mounted on the motor and 
connected to the brush-shifting mechanism. 
When using the pilot motor mechanism 


fore, by compromising between the 
two positions speed control is ob- 
tained, and also some control over 
the power-factor within the capacity 
of the windings. 

It may be well to mention that if the 


Fig. 3. Schematic Diagram of Adjustable-speed Shunt Motor. 
The stator contains only the secondary winding, each phase 
of which is connected independently between two commu- 
tator brushes. The rotor has two windings. The primary 
winding is connected to the collector rings deriving power 
therefrom. The adjusting winding is placed in the same 
rotor slots and connects to the commutator 


motor is running at 150 per cent of syn- 
chronous speed, the slip energy will be 50 per 
cent of the power developed at synchronous 


_ speed with the same torque and the adjusting 


winding need be made only 50 per cent of 
the synchronous horsepower capacity of the 
secondary or stator winding. With such an 
adjusting winding the machine cdn be 
operated either 50 per cent above or 50 
per cent below its synchronous no _ load 
speed thereby giving a three-to-one speed 
range. 

The two brush yokes are connected to the 
shifting mechanism by means of gears. For 
hand control of the brush shift, a handwheel 


(1) Identified by the trade designation ‘‘CR-7006."’ 


for brush shift, the speed of the motor may 
be controlled from a _ distance by push 
buttons or by various types of automatic 
regulators. 


Control 3 

Very simple control can be used since it 
is usually possible to throw the motor directly 
on the line with the brushes in the low-speed 
position. The motor is connected to the 
source of power in the same manner as many 
induction motors. For hand and remote 
hand control of the brush shift, an enclosed 
magnetic switch®) with thermal overload 
and undervoltage protection may be used, 
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and may be operated by means of a stop- 
start push-button station. When using the 
pilot-motor type of control, a modified 
magnetic switch®) with thermal overload 
protection may be used with a push-button 
station marked start, stop, fast, and slow, 
in addition to the pilot motor, gear mech- 
anism, and small pilot-motor transformer. 
With this arrangement the brushes will 
automatically return to the low-speed position 
on stopping or, if power fails, they will move 
to the low-speed position on re-establishment 
of power. 

With pilot motor control a transformer is 
required for all voltages of the main motor, 
because a low-voltage pilot motor is used so 
as to increase the factor of safety in the 
device. The small pilot motors are built for 
70-volt operation and the transformers are 
supplied with taps. A limit-switch arrange- 
ment is mounted on the brush mechanism of 
the main motor, to limit the travel of the 
brushes in either direction. 

When secondary resistance is used with 
these brush-shifting motors of the smaller 
sizes (3 to 50 h.p.) an enclosed magnetic 
switch®) may be used; one three-pole switch 
for motors with three-phase secondaries 
and two three-pole switches for motors with 
six-phase secondaries. A master switch or 
a push-button station may be used for operat- 
ing these contactors. 


Comparison with Other Types of Motors and Com- 
binations 

In many plants much of the work can be 
accomplished by the use of constant-speed 
motors and therefore squirrel-cage induction 
motors are largely employed. For those 
drives requiring adjustable speed, where 
alternating current is the major power supply 
it was formerly necessary to use motor- 
generator sets or synchronous converters to 
convert from alternating current to direct 
current, for the adjustable-speed drives, 
and then use direct-current motors. If it is 
feasible to use the brush-shifting, shunt- 
characteristic motor, the alternating-current 
power supply at low voltage may be used for 
the adjustable-speed drives also. In this 
manner the plant wiring is simplified, the 
overall efficiency is increased in many cases, 
and the necessity of increasing the capacity 
of the alternating-current to direct-current 
converting apparatus when more drives are 
added is eliminated. 


(2) Identified by the trade designation ‘‘CR-7006 Y-1"" 
(*) Identified by the trade designation “CR-7002."’ 
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When a large number of adjustable-speed 
drives are required it may often be more 
advantageous to install the alternating- 
current to direct-current converting apparatus 
in a large unit and use direct-current motors. 
Cases of this sort must be carefully considered 
to see which scheme works out the better. 
The brush-shifting shunt motor is inherently 
a constant-torque motor and this must also 
be considered, especially where the application 
requires constant-horsepower adjustable-speed 
motors. For constant-horsepower applica- 
tions this type of motor is at a disadvantage 
since it is necessary to use a motor which 
will give the required horsepower at low 
speeds which thereby gives a large excess 
capacity at higher speeds. 

The double-range Scherbius system, the 
Kraemer or Rotary Converter System, the 
Brush-shifting Converter System, and the 
Frequency Converter System, used in con- 
junction with large wound-rotor induction 
motors, give adjustable speed with shunt 
characteristics in a very satisfactory manner. 
These schemes are practicable however for 
comparatively large motors only, since con- 
siderable auxiliary apparatus is required and 
the amount of speed range possibe in this 
manner is rather limited, although sufficient 
in most cases where these equipments are 
applicable, as for some steel-mill main-roll 
drives. 

It is possible to use the wound-rotor 
induction motor with secondary resistance 
for many applications, but it must be kept 
in mind that this type of motor with second- 
ary resistance gives a series characteristic, 
i.e., the speed changes materially with load 
and at no load with an ordinary amount of 
resistance in the secondary the motor will 
operate near synchronous speed. Each con- 
troller point will give a definite speed for 
a given load, the speed varying with the load, 
The efficiency at low speeds is quite low and 
it is not usually considered practicable to 
obtain more than a two-to-one speed range 
in this manner due to the possibility of 
instability and stalling at low speeds. 

When only a small speed reduction is 
desired with small size motors, the wound- 
rotor induction motor with secondary resist- 
ance may be used to advantage providing 
the series characteristic is acceptable or- 
the load quite steady. This would be cheaper 
than using the brush-shifting shunt motor. 
Where it is possible to use wound-rotor 
motors with secondary resistance, the ad- 
vantage in efficiency that the brush-shifting 
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motor has at low speeds is of course reduced 
if operation at low speeds is infrequent, never- 
theless the latter motor still has the advantage 
of a much greater speed range with perfectly 
stable operation and the advantage of more 
uniform speed change. 

The brush-shifting, three-phase, quarter- 
phase, and single-phase series motors“) are 
adjustable varying-speed motors, also giving 
speed change by brush shift. But, having 
a series characteristic, i.e., a large change in 
speed with change in load, their use is restricted 
to those applications where the series charac- 
teristic is not objectionable. The principal 


Fig. 4. Brush-shifting Motor for Steel Mill Use 


application of the brush-shifting series type 
of motor with its auxiliary rotor transformer 
has been and still is for forced and induced 
draft fans in power plants, for mine ventilat- 
ing fans, and for centrifugal pumps. In 
small sizes, these motors were used for 
various textile applications where adjustable 
speed was required. Here the motor was 
applied satisfactorily, in spite of its series 
characteristics, because no other type of 
alternating-current adjustable-speed motor 
of small size was available. For textile 
applications the brush-shifting shunt type of 
motor is now being used and will gradually 
include more applications in this industry 
due to the better characteristics and greater 
speed range possible; but for forced and 
induced draft fans in power plants, mine 
ventilating fans, and some centrifugal pump 
applications where the horsepower per pole 
is high, the series type of brush-shifting 
motor will still be used as it has proved over 
many years to be particularly suitable. 

tea by the trade designation ''BTS,"’ ‘*BQS,"’ and 


a 


It is possible to use multispeed squirrel- 
cage induction motors in some cases, but 
this type of motor gives definite speeds 
corresponding to the poles of the stator 
winding or windings. With the brush- 
shifting shunt motor a smooth change in 
speed is obtained throughout the speed 
range. If several definite speeds are satis- 
factory, the multispeed motor will be the 
cheaper. 

For certain applications the multispeed 
wound-rotor induction motor may be used 
satisfactorily. The motor will give definite 
synchronous speeds corresponding to the 
poles of the stator winding and 
will permit a variation from each 
definite speed by the use of sec- 
ondary resistance. For any partic- 
ular speed used, the characteristics 
in general are the same as for the 
ordinary wound-rotor motor. Multi- 
speed wound-rotor motors are usually 
built for only two synchronous speeds, 
due to the number of collector rings 
required. 


Applications 

The three-phase adjustable-speed 
brush-shifting motor having shunt 
characteristics is suitable for appli- 
cation to a wide range of industries, 
a few examples of which are shown in 
Figs. 4 to 12. 

It is well to consider that this type 
of motor is inherently a constant-torque mo- 
tor,i.e., the horsepower is directly proportional 
to the speed, and fora given speed range hasa 
definite possible limit per pole. Fora given 
speed range, more output per pole can be 
obtained from the 25-cycle motors than from 
the 60-cycle motors. 

Motors of this type are particularly suited 
for the following conditions: 

(1) Where adjustable speed with shunt 
characteristics is necessary and al- 
ternating-current power is the only 
supply. 

(2) Where large speed range is required 
and where uniform speed change is 
desired rather than speed change in 
definite steps as furnished by wound- 
rotor induction motors having second- 
ary resistance or by multispeed in- 
duction motors. 

(3) Where it is desirable to operate at 
low speed much of the time, with 
the possibility also of operating at 
higher speeds. 
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Textile Industry 


In the textile industry the motor has 
been applied to cloth printing machines, 
single and tandem tentering ranges and 
mercerizing ranges, textile calenders, washers, 
squeezers, and limers in finishing plants. 

For cloth printing machines the motor has 
been used with hand control of brush shift, 
remote hand control, and pilot motor control 
with push buttons as desired. It is usually 
necessary to obtain a low creeping speed 
equal to about one-half of the minimum 
rated speed for pattern adjustment and 
threading in. Jogging control is also fre- 
quently desired. The low creeping speed is 
obtained by the use of secondary resistance, 
contactors, and a push-button station as 
hasbeen described. 

For single tentering and mercerizing ranges, 
textile calenders and washers, squeezers and 
limers, the control usually consists of a 
magnetic switch and push-button station. 
The brushes may be shifted by hand, remote- 
hand mechanism, or pilot motor as desired. 
In some cases other control may be used. 

For tandem tentering and _ mercerizing 
ranges a complete controi scheme has been 
worked out to obtain the speed control of 
the follower motor either mechanically or 
electrically. 

The follower motor, in the case of the 
tandem arrangement using two motors, is 
the motor driving the part of the range into 
which the cloth first comes. The leading 
motor is that driving the part of the range 
into which the cloth progresses. The control 
is usually arranged so that both motors are 
started and stopped at the same time by 
means of push-button stations, and frequently 
is arranged for individual operation of either 
motor. Between the follower and leading 
motor a floating roll, known as the compen- 
sating roll or gate, is located between two fixed 
rolls. On both the mechanical and electrical 
scheme for controlling the speed of the follower 
motor, the leading motor is equipped with a 
pilot motor and push buttons to control the 
brush shift and consequently the speed of 
‘this motor. The speed of the follower motor, 
in either case, is controlled by the movement 
of the compensating roll. As the speed of 
the leading motor is increased, the compensat- 
ing roll rises which causes the speed of the 
follower motor to increase. As the speed of 
the leading motor is decreased, the com- 
pensating roll lowers which causes the speed 
of the follower motor to decrease. 


For the mechanical control scheme (which 
is used where the location of the follower 
motor is convenient to the compensating roll) 
the movement of the compensating roll by 
means of sprockets and .chain, mechanically 
shifts the brushes of thé follower motor and 
thus controls its speed. 

For the electrical control scheme, the 
movement of the compensating roll operates 
a limit switch combined with an intermittent 
motion device driven from the rolls. The 
limit switch energizes a pilot motor which 
shifts the brushes of the follower motor and 
controls its speed. 

Either scheme gives control of the follower 
motor without hunting. Both are in success- 
ful operation, although the mechanical control 
where the location of the machines permits 
its use is the cheaper. With the electrical 
control the speed of either motor may be 
adjusted individually and the brushes of 
both motors return to the low-speed position 
automatically when stopping, or after power 
is re-established after failure or when shutting 
down. 


Rubber Industry 


In the rubber industry the motor has been 
applied to tube machines and to rubber 
calenders. 

For tube machines control consisting of a 
magnetic switch and push button is usually 
used. Hand control of the brush shift may 
be used although pilot-motor control of the 


‘brush shift is considered more desirable 


since with the latter the operator does not 
have to leave his work to adjust the speed 
or to move the brushes to the low-speed 
position before starting. 

For rubber calenders special control is 
used. A pilot motor controlled by push- 
button stations shifts the brushes. Provision 
is made for quick stopping by means of 
either a solenoid brake or by plugging, or 
boths When plugging is used a device 
attached to the motor shaft prevents the 
operation of the motor in the opposite 
direction after it.has come to rest. Secondary 
resistance is used when plugging. When the 
normal low speed is not slow enough for 
threading in, a still lower speed may be 
obtained by the use of secondary resist- 
ance. 


Oil Refineries 


In oil refineries the motor has been used for 
driving cross-process pumps. 
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Fig. 9. Part of a Tandem Driven Tenter Range. 550-volt, Fig. 10. Cloth Printing Machine Driven by a 25/8.33-h.p. 
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Fie. 11. Five-roll Textile Calender with Adjustable Speed Fig. 12. Part of Two Tandem-driven Mercerizing Ranges. 
Motor Rated at 25/8.33 h.p. Leading motors of 20/6.67 h.p., 1250/415 r.p.m., 
drive tenter frame and recuperator 
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Central Stations and Boiler Plants 


The chief application of the motor in 
central stations and boiler plants has been 
for stoker drives and for forced and induced 
draft fans. . 

For stokers, control of speed by hand 
wheel or pilot-motor control of brush shift 
by push buttons has been used but auto- 
matic control by pilot motor and some form 
of regulator is easily applied. Drip covers 
to protect the windings and commutator 
from all falling material are desirable in this 
type of installation. 

For forced and induced draft fans, speed 
control either by pilot motor and push 
buttons or by hand control of brush shift 
has been used. Automatic control from 
damper or steam pressure has also been used. 


Rolling Mills for Steel and Non-Ferrous 
Metals 


_ In these industries the motor has been 
applied to steel-mill main-roll drives, alumi- 
num foil machines, and wire drawing ma- 
chines. 

Two large motors for use on 25-cycle lines 
have been applied to main roll drives in a 
steel mill and have proved very satisfactory. 
They are of steel-mill construction, and have 
stator movement and thrust collars, forced 
ventilation, temperature coils in stator, pilot- 
motor control of brush shift, electric tachom- 
eter for reading the speed,and are arranged 
for plugging duty. Normal starting is 
accomplished by throwing them directly 
on the line with the brushes in the low-speed 
position. Secondary resistance is supplied 
for plugging duty. Fig. 4 shows one of these 
motors. 

A number of brush-shifting shunt motors 
have been used for driving aluminum-foil 
machines where it is desired to start the 
process at low speed to prevent the rolls, 
etc., from overheating, and then after the 
rolls have gradually become heated and the 
foil is coming through the rolls satisfactorily 
to speed up the motors and greatly increase 
the output. 

Some of these motors have been applied to 
wire drawing machines. 


Pumps, Fans, Centrifugal Compressors 

The motor has been successfully applied 
to the driving of centrifugal pumps and 
centrifugal compressors, and fans other than 
those in central stations and boiler plants 
which have. been referred to in the foregoing. 


For centrifugal pumps, etc., it is -well to 
keep in mind that, because the horsepower 
required varies approximately as the cube 
of the speed, the low speed obtained will be 
slightly higher than the rated speed at full 
torque. For applications requiring only a 
small speed reduction, motors developed 
for three-to-one speed range will not show 
any Saving in power, but for speed reductions 
greater than 20 per cent’ brush-shifting 
shunt motors will show a material saving in 
power over wound-rotor motors with second- 
ary resistance. Where special motors are 
designed for limited speed range, the per 
cent regulation at which it is economical to 
use the brush-shifting three-phase shunt 
motors is reduced. 

An interesting application has been made 
in driving a triplex single-acting pump for 
a city pumping station. A special control 
panel incorporating a Ruggles-Klingemann 
regulator has been used to hold practically 
constant pressure in the mains with variable 
demand. As the pressure rises the speed of the 
motor is reduced and if it continues to rise 
the motor is automatically shut down, 
starting again automatically when the pres-, 
sure drops to a predetermined value. When 
the pressure drops, the speed of the motor is 
automatically increased within the speed range 
of the motor. 


Machine Tools 


In most machine tool applications the motor 
is at a disadvantage because it is inherently a 
constant-torque motor, and for this service 
constant horsepower motors are usually 
necessary. For constant horsepower ap- 
plications the size of the motor is determined 
by the horsepower requirements at low speed 
and thus with this type of motor the horse- 
power available at higher speeds is more than 
sufficient for the service. The motor may be 
used for machine tool service but, because of 
the constant-horsepower requirement, it is 
unnecessarily large and expensive. 

Recently one of the motors has _ been 
applied to a press where the inherent regula- 
tion of the motor is being taken advantage of 
for flywheel effect. 


Miscellaneous Applications 

In addition to the uses previously men- 
tioned the motors have been applied to 
newspaper presses, some paper machines, 
paper winders, waxing machines, linoleum 
calenders, and dough mixers. 
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A Study of Crystal Structure and Its Applications 


) PART IV* 
THE BRAGG METHOD OF CRYSTAL ANALYSIS 


By W. P. Davey 


RESEARCH LABORATORY, GENERAL ELECTRIC COMPANY 


In our February issue, Dr. Davey devoted Part III of his series on Crystal Structure to a discussion of 


the Laue method of crystal analysis, wherein ‘‘ 


white”’ 


x-rays are used to obtain the necessary experimental 


data. In Part IV, the author takes up the Bragg method, which employs x-rays of a single wavelength, 


obtained by the use of special filters. 


The theory of the Bragg method is discussed in this installment and in 


the next the author will give some illustrations of its use in determining the structure of crystals EDITOR. 


We have seen how, in the Laue method of 
crystal analysis, the chain of evidence leading 
to the structure of a crystal is furnished 
mainly by the symmetry characteristics of 
the crystal, x-ray diffraction being used only 
to supply those links which would other- 
wise be missing from that chain. In other 
words, the Laue method makes x-ray dif- 
fraction play only the role of an assistant 
to the older crystallographic methods. In 
the Bragg method“) emphasis is placed on 
the x-ray diffraction data, and symmetry 
considerations are used to supplement these 
data. The Bragg method of crystal analysis 
uses a single crystal. X-rays of known 
wavelengths are used so that from the angles 
of diffraction the corresponding interplanar 
spacings may be calculated at once from 
equation (1). These interplanar spacings 
together with the relative intensities of 
different orders of the diffracted beams 
constitute the x-ray data used by the Bragg 
method in determining the structure of the 
crystal. 


Experimental Technique of the Bragg Method 
The x-ray tube is operated at such a voltage 
as to produce a large proportion of character- 
istic rays from the anode (see Fig. 12). This 
bundle of characteristic rays contains more 
than one wavelength—for instance the K 
spectrum of Mo contains the following four 
wavelengths"), a, =0.7121A, a» =0.7078A, 
B=0.6311A, y=0.6197A. In some cases the 
beam may be made nearly monochromatic 
by means of filters. For example, the B and 
vy lines of the K spectrum of Mo may be 
almost completely absorbed by Zr which is 


used in the Bragg method are those of 
Fe, Cu, Mo and Rh. The proper filters are 
respectively Mn, Ni, Zr, and Ru. Fe and 
Cu possess the advantage of giving large 
angles of diffraction because of their long 
wavelengths, but the rays have such small 
penetrating ability that the x-ray tube must 
have a special window of Al foil or of thin 
mica to let out the rays. 
fastened to the glass of the x-ray tube with 
sealing wax so that the tube can only be 
operated on the pump. Mo and Rh are free 
from this objection. Of these two Mo is 
most used because of the relative abundance 
of Zr for filtering material. Since absorption 
of x-rays is essentially an atomic property, it 
is easiest to use the Zr in the form of a com- 
pound with some atom or atoms of low atomic 
number such as ZrOe, ZrSiOu, Zr(NOs)4, etc. 
Experience shows that 0.036 grams of Zr 
atoms per square centimeter is sufficient to 
reduce the ‘‘white’”’ rays and the 8 and y 
lines of Mox to a negligible amount when the 
x-ray tube is operated at a voltage of 30 kv. 
r.m.s. or less. In this way the x-ray beam is 
composed mainly of the a, and ay lines. 

It is essential to the fullest success of the 
Bragg method that the intensities of the 
diffracted beams be measured with a fair 
degree of accuracy. For this reason the ioni- 
zation chamber is preferred to the photo- 
graphic film as a means of detecting and 
measuring the x-rays. 

The ionization chamber may be a metal 
tube filled with air, in which an insulated 
electrode inside runs parallel to the axis of 
the tube, but at some distance from it. Or 
the chamber may be a glass tube with two 


especially transparent to the a@ doublet electrodes. The gas may then be C,H;Br 
Ms . ci : : 
of Mox.) The characteristic rays most or CH;I. In such a case the insulation is 
*References made to material hitherto published in this series of articles may be readily located from the following table: 
Issue Figs. Equations Tables Footnotes 
Part I, Nov., 1924; p. 742 1 and 2 1 to 16 I and II 1 to 21 
Part II, Dec., 1924; p. 795 3 to 10 17 to 32 Ill 22 to 27 
Part III, Feb., 1925; p. 129 11 to 22 33 to 37 IV 28 to 42 


This window is: 
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preferably of quartz to prevent corrosion by 
the gas, and the port of entry for the x-rays 
is rendered gas tight by a thin mica or alumi- 
num window fastened in place with sealing 
wax. The ionization current is measured by 
either an electroscope or an electrometer in 
the usual way, care being taken that the 
voltage between the electrodes is sufficient to 
catch every ion that is produced. 

The crystal is mounted as in Fig. 23 so 
that any face may be oriented so as to lie in 
the plane of a beam of practically mono- 
chromatic x-rays. The mounting as a whole 
rests on a table which may be rotated about 
a vertical axis which lies in the path of the 
x-ray beam. The crystal and its mounting 
are so adjusted that this axis of rotation 
passes through a zone-axis“*) of the crystal. 
The advantage of this is that diffraction can 
then be obtained from each of several atomic 
planes by merely rotating the crystal table as 


Fig. 23. Crystal Holder for Use with the Bragg 
Method of Crystal Analysis 


a whole. The more important the zone- 
axis, the greater is this advantage. Usually 
a zone-axis is easy to find, for it may be 
located from two or more natural faces of the 
crystal. If only one natural face is developed 
in the crystal, the second atomic plane 
(corresponding to a second face) must be 
‘found by means of its diffracted x-ray beam, 
using cut-and-try methods. 

Only a small crystal is required. In most 
cases the face of the crystal itself limits the 
x-ray beam sufficiently, so that the slits may 
be opened up to any reasonable width. If 
the crystal is in the form of a thin flake or a 


(43) The line of intersection of two or more atomic planes isa 
zone-axis. The greater the number of intersecting planes the 
more important is the zone-axis. 


needle, Bragg“ recommends that the beam 
be narrowed by means of the slit So, Fig 24. 
The arrangement of the apparatus is shown 
in Fig. 24. The x-ray beam is defined by the 
two slits S; and S». These slits are usually 
made of lead or gold. The slit S; is made wide 
enough, so that it is not grazed by the main 
beam, but narrow enough to intercept any 


Fig. 24. Diagram of Bragg Apparatus 


rays diffracted by the crystals in Sy. A slit 
S, in front of the ionization chamber, J, 
insures that only one diffracted beam enters 
the chamber at once.” The filtering material 
is placed next to Si, so that it not only filters 
out undesirable wavelengths coming directly 
from the x-ray tube, but also tends to filter 
out any secondary characteristic rays from 
the crystal under examination. 

It is a matter of experience that few 
crystals will diffract Mo characteristic rays 
at angles of less.than 3 deg. The crystal 
face is therefore set at an angle of about 
3 deg. to the primary x-ray beam and the 
slit S, is opened up as wide as possible. The 
ionization chamber is slowly turned from an 
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angle of about 6 deg. to an angle of 12 deg. 
or more. If some atomic plane which passes 
through the chosen zone-axis happens to 
lie at the correct angle to the x-ray beam, a 
diffracted beam will be found. Otherwise 
the table on which the crystal is mounted is 
turned slightly and the ionizing chamber is 
again slowly swept past. This is repeated if 
necessary until some plane is found which 
is so oriented as to show first order diffraction 
of the wavelength of x-rays employed in the 
primary beam. The slit S, is then narrowed 
down so as to be at least as narrow as the 
x-ray beam, and the ionization chamber is 
moved past, step by step. At each step a 
reading of the ionization current is made. 
The angle is noted at which the maximum 
ionization current is found. The crystal is 
then rotated 180 deg. and the angle of maxi- 
mum ionization current is again noted. Half 
way between these two positions is the correct 
zero through which the undeviated beam 
passes after barely grazing the axis of rotation 
of the crystal. Half the angular distance 
between the two ionization maxima is there- 
fore the angular deviation of the x-ray 
beam; it is the angle ¢ of equation (3) or twice 
the angle @ of equation (1). It is twice the 
grazing angle of incidence of the x-ray beam 
on the atomic plane in the crystal. 


Interpretation of the Diffraction Pattern 

From equation (1) the interplanar spacing 
d is calculated, and parallel lines such as 
ABC, DEF, GHI, etc., of Fig. 25 are drawn to 
scale to represent the atomic planes which 
produce the diffracted beam. The crystal is 
then turned through an angle y such that 
another family of planes shows first order 
diffraction of the x-ray beam, and the inter- 
planar spacing d’ is calculated. A new set of 
parallel lines such as AP, BQ, CR, etc., of 
Fig. 25 are now drawn to scale so as to make 
an angle y with the first set of lines. Then 
the intersections of these lines represent 
possible positions for atoms in the crystal. 
The plot suggests other angles at which the 
crystal may be set in order to find first order 
diffracted beams. The interplanar distances 
found at these angles are then drawn on the 
plot, for example AEJ, GKO, MQ, of Fig. 25. 
These interplanar distances will be multiples or 
submultiples of the distances predicted by the 
plot. This helps to determine the projection 
of the atomic arrangement in the plane of 
the plot, for now atoms are in general to be 


(44) C. G. Darwin, Phil. Mag. 43, 800 (1922). 
(45) A. H. Compton, Phys. Rev. 9, 29; 10, 95 (1917). 
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expected only at positions corresponding to 
the points where three lines intersect. The 
greater the number of planes examined which 
pass through the given zone-axis, the greater 
is the certainty with which the projection 
of the crystal lattice may be drawn. A 
similar procedure for some other zone-axis 
gives a second plot whose plane is at a known 
angle to that of the first plot. Knowing 
from these two plots the projection of the 
atomic positions on two intersecting planes, 
the positions of the various atoms in space 
are known. 


Fig. 25. A Bragg Plot 


In some cases at least, the certainty of the 
positions assigned on the plot to the atoms 
may be greatly increased by considering the 
intensities of the different orders of diffraction 
for each of the planes. These intensities may 
be most accurately compared by making 
special measurements for the purpose. (4) (45) 
The ionization chamber is set at the cor- 
rect angle to receive the first order diffrac- 
tion from some family of planes as deter- 
mined by the procedure outlined above. 
The slit Sy (Fig. 24) is then opened up so 
that the opening is considerably wider than 
the width of the diffracted beam, and the 
crystal is swept past the diffracting angle at 
a uniform rate. The total amount of ioni- . 
zation produced in the chamber is taken as a 
measure of the intensity of the diffracted 
beam. The ionization chamber is then set 
at twice the angle and the crystal is again 
swept past the diffracting angle at the same ~ 
rate as before, and the total ionization is 
again read. This is repeated for such other 
orders as may be desired. If a crystal is 
warped, one portion of a family of planes will 
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make a slightly different angle with the 
incident beam from some other portion, so 
that there will appear to be more than one 
correct setting of the crystal for each family 
of planes. The procedure just given has the 
advantage that it frees the final result from 
this effect. There will still be present, how- 
ever, errors caused by absorption, temperature 
changes, and the dimensions of the crystal. 
These are usually of relatively small im- 
portance in the interpretation of the structure 
of the crystal, and they will therefore not be 
discussed further at this point. 

If all the atoms in the crystal have equal 
diffracting power, and if they are arranged 
according to some elementary lattice (simple 


I+ | 

a, 
Fig. 26. Spacing of 111 Planes 
in Diamond 


cubic, simple triangular, simple tetragonal, 
etc.) then every intersection on the plot will 
be the projection of the position of some 
atom in the crystal, and each order of dif- 
fraction will be less intense than the next 
lower order. For instance, the atoms of K 
and Cl are arranged on a simple cubic 
lattice and their atomic numbers are so nearly 
equal that they have nearly identical dif- 
fracting powers. The first order diffracted 
beam is more intense than the second order; 
the second order is more intense than the 
third order, etc. The normal rate of decline 
of intensity with increasing order of dif- 
fraction is given by W. L. Bragg™ ®) for 
such cases as approximately 
First order : second order : third order 
= 10: 20 7.7. «This has since been 
given” as 
First order : second order : third order = 
100 : 18.7 : 6.25. 
Extreme accuracy in the measurement of 
these intensities is rarely necessary because 
the intensities vary so markedly with changes 
in the type of crystal structure. For most 
work the essential point is to determine 
whether or not some one order of diffraction 
is entirely absent, or, if all the orders of dif- 


(46) W. L. Bragg, Proc. Roy. Soc. A. 89, 468 (1914). 


fraction are present up to the limit of the 
crystal and the wavelength of the x-rays, 
to know which of two orders of diffraction 
is more intense and to determine to within a 
few per cent what their relative intensities 
are. If the structure is more complicated, 
the intensities of successive orders of dif- 
fraction do not decrease regularly. For 
instance, even though all the atoms indiamond 
(see Figs. 7 and 8) are of the same element and 
may therefore be supposed to have the same 
diffracting power, the second order diffraction 
from the 111 planes is missing, although 
the third and fourth orders are present. 
This is interpreted as meaning that the 1 1 1 
planes are arranged in pairs (see the discus- 
sion of the diamond cubic lattice in Part IT) 
such that the distance between the members 
of a pair is one fourth the distance between 
corresponding planes in two adjacent pairs. 
If, therefore, a diamond is oriented so that the 
zone-axis under investigation lies in the 1 1 1 
plane, then the lines in the plot for this 
family of planes would have to be spaced as 
in Fig. 26. 

The general method of interpreting the 
data on the intensities of various orders of 
diffraction from a single family of planes is as 
follows. An arrangement of atomic planes 
is assumed and the relative intensities of the 
different orders of diffraction are calculated 
in terms of the amplitudes and phase relation- 
ships of the waves from the different planes 
of the family. The calculated intensities are 
compared with those found by experiment, 
and, if necessary, the procedure is repeated 
until a marshalling of planes is found such 
that the calculated and experimental results 
are sufficiently in agreement. 

In order to illustrate one method of making 
these calculations let us suppose that the 
crystal is composed of equal numbers of each 
of two kinds of atoms A and B whose atomic 
numbers are N, and N, respectively, and 
let the atomic planes under consideration 
have a spacing d as calculated from the 
diffraction pattern. Two possibilities are 
open. Either (1) each plane in the family 
contains both A and B and these planes are 
spaced a distance of d apart (see Fig. 27), 
or (2) there are alternate planes of A and of B 
so spaced that the A-planes are a distance 
of d apart from each other and the b-planes 
are a distance d from each other, while A 


and B are spaced a distance apart “d (see 


Fig. 28). In the first case the waves from the 
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A-atoms and those from the b-atoms are 
necessarily in phase and the amplitude of the 
resultant wave is the sum of the amplitudes 
of the waves sent out by the two sets of 
atoms. These amplitudes must be linked 
up in some way with the atomic number. 
The Braggs®) assume that, at least at small 
angles, the electrons in the atoms vibrate so 
nearly in phase with each other that the 
amplitude of each wavelet is proportional to 
the number of electrons in the atom which 
sends out the wavelet—i.e., to the atomic 
number. Since the ionization chamber 
measures intensities rather than amplitudes 
we must deal with the square of the resultant 
amplitudes. In terms of Bragg’s assumption 
we must therefore consider the intensity of 
an x-ray beam diffracted from a plane 
containing both A- and JS-atoms as being 
proportional to 


[= (N+N,)? (38) 
In the second case the waves from the A- 


and 4-planes are out of phase by an angle w 
such that for the first order of diffraction 


i Is i. Sak 
20 d m 
We 2 
for the second order, —=— 
2r m 
: W3 3 
for the third order, — = — 
2r m 
27 
Therefore w, = 
m 
4r 
Wes = —.- 
m 
39 
Or (39) 
Ws3 = — 
m 
2ut 
On = 


In terms of the assumption mentioned above 
in which the amplitudes of the wavelets are 
taken to be proportional to the atomic 
numbers, the vector sum of the amplitudes of 
the wavelets from A and B is proportional to 
(N?2,+2N, N, cos w+N?,)% 

thus giving a resultant wave whose intensity is 

I’=N?,+2N,, N; cos w+N?, (40) 
Let the intensities of successive orders of 
diffraction for the first case be J;, Io, J3,...... 
Their ratios as experimentally determined 
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by W. L. Bragg have already been given. 
The corresponding intensities I’;, I's, I’3,..... 
for the second case will differ for every 
possible combination of values for N., and 


N, and for every possible value of =. They 


are easiest calculated in terms of Jj,’ Io, Js, 
ones , so that we have from equations 
(38), (39) and (40) 


N27 2 NaN ces 
(Ne + Ns)" 


21n 


= N?, 


I',=1, (41) 


Fig. 27. Resultant Wave from Planes Each of 
which Contain Two Kinds of Atoms 


If there are p atoms of A and g atoms of B 
in the chemical formula for the crystal, 
then N, may have to be replaced by pN, 
and N,. 

This line of reasoning has been applied by 
the Braggs to the case of the 1 0 0 planes of 
zincblende (ZnS) for which in equations (40) 
and (41) Nzn=30, and Ns=16. It can be 
shown that ZnS has a diamond cubic structure. 
The Zn forms a face-centered cubic lattice 
like Fig. 5, and the S occupies the four inside 
positions shown in Fig. 6. This causes the, 
1 0 0 planes to be composed alternately of Zn 
andS. Let us assume first that each | 0 0 plane 
contains both Zn and S. Then the ratio of the 
intensities of the first two orders of diffraction 
should correspond to the ‘“‘normal rate of 
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decline,” ive., J, : I2=100 : 18.7. Experi- 
mentally they are in the ratio of 52 : 100. 
Obviously the assumed structure is incorrect. 
Let us now assume that the Zn and S lie in 
alternate planes. Equation (41) does not 


lend itself readily to a direct solution for -, 
but various values of = may be tried in the 


equation until one is found which gives the 
experimental intensities. Suppose that the 


value on trial for = is 0.50. Then for the 


Fig. 28. 
Kind of Atoms Alternating with Planes 
of Another Kind of Atom 


first order, m of equation (41) is 1 and 


(30—16)? : 
U = Cl 
Mm=h (304162) 0.09261, 
For the second order n=2 and 
gee (aU 16)" « 

sor ie) 2 
Therefore 

Lis te I, 

7, 9.0926 L 
But by experiment 

Tp 100 

Pero 8:7 


(47) W. H. Bragg, Trans. Roy. Soc. A, 215, 253 (1915). | 


Therefore 
I’; 100 349.5 
— = ON a ee ey 
I’, 0.9926 LS. 7 aL O00 


which agrees very well with the experimental 
ratio of 52 : 100. 


After the order of magnitude of < once has 


been determined by this method, a more 
exact value may often be decided upon in 
terms of the symmetry characteristics of the 
crystal. Forinstance, a still closer check with 


experiment for ZnS may be had by taking - 


as 0.48 or 0.52, but the symmetry of the 
crystal is such that we must accept 0.50 as the 
correct value. 

W. H. Bragg has given some interesting 
evidence”) which goes to show the cor- 
rectness of his assumption that at small 
angles the amplitude of the diffracted beam 
is proportional to the first power of the atomic 
number. The structure of calcite (CaCQs;) 
has been worked out“® from its x-ray diffrec- 
tion pattern supplemented by symmetry 
considerations. It is a simrle rhombohedral 
lattice with Catt and CO;-~ at alternate 
corners of the rhombohedron. This structure 
has since been confirmed‘) by the Laue 
method. The interplanar spacing of the 1 1 1 


‘planes (referred to trigonal axes) is just 


double that of the 2 11 planes. The second 
order diffracted beam of 1 1 1 therefore falls 
at the same angle as the first order beam 


from 2 1 1, so that their intensities may be 
compared without any error due to angle. 
The 111 planes occur in alternate layers of 
Ca*t+ and CO;-~. In the second order their 
effects are additive so Bragg assigns a dif- 
fracting power equal to the mass of CaCO; = 


40+12+48=100. The 2 1 1 planes are 
composed Ca+C+O(=68) with other 
planes of O lying between them. The effect 
of those O planes is considered to be negligible. 
The ratio of the masses of the two planes is 
100 : 68. The ratio of intensities from ex- 
periment is 100 : 66. If we consider the 
ionic numbers rather than the atomic weights 
so as to fit in with our previous discussion, 
we obtain practically the same results. 
Ca* t=18, CO;--=2+3X10=32,° giving 
a value of 50 for the second order beam from 
1 lel. Catt=18, CO=2+10=12, giving 
a value of 30 for the first order of 211. 
These are in the ratio of 100 : 60 which 
probably agrees with the experimental ratio 
to within the accuracy of the data. ' 
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In some cases the agreement between 
theory and experiment is not so satisfactory 
as those just cited. For instance, all 
methods of crystal analysis agree in assigning 
to NaCl a simple cubic structure (Fig. 3) 
with Na and Cl at alternate corners of the 
simple cube. This structure gives 1 1 1 
planes of two kinds, one containing only 
Na, the other containing only Cl, and it is 
inherent in the simple cubic structure that 


these are equally spaced—ice., = =(.50, If 


now the intensities for the first order and 
second order of diffraction from the 1 1 1 
planes of NaCl are calculated by the method 
outlined above, we obtain 
I’; : I'g9=24.5 : 100 
Experimentally Bragg finds” a ratio of 
16.5: 24.4=67.6 : 100. It is not at all certain 
that the excellent agreement between the 
calculated and experimental intensities for 
zincblende is anything more than accident. 
There seems to be every reason to believe 
that both ZnS and NaCl are composed of 
ions rather than atoms. This will be discussed 
more fully in a later chapter. It will be suf- 
ficient to state here that such a viewpoint is 
consistent with all the known properties of 
such compounds and with their crystal 
structures. If this viewpoint is correct, we 
should not have used the atomic number 30 
for Zn but the ionic number 28 for Zn* +; we 
should not have used 16 for S but 18 for S~*~. 
Using these ionic numbers in equation (41) 
we find 
I’; : T’g=25.3 : 100 

instead of the experimental 52 : 100. In the 
case of NaCl we find 43.7 : 100 instead of 
the experimental 67.6 : 100. This dis- 
agreement between the calculated and ex- 
perimental intensities might easily be ex- 
plained by the fact that equation (41) takes 
no account of changes in intensity caused by 
(a) absorption of x-rays in the crystal, (b) 
temperature, (c) size of the crystal, and (d) 
angle of diffraction. This is rendered all the 
more plausible by the fact “®) that under dif- 
ferent experimental conditions the ratio for 
the first and second orders of diffraction from 
the 111 planes of NaCl was found to be 
9.00: 33.1 = 27.2: 100 which is about as far 
below the calculated value as Bragg’s is 
above it. Except for (d) equation (41) 
is no more unsatisfactory in these respects 
than the more cumbersome equation 


(48) W. L. Bragg, R. W. James, and C. H. Bosanquet, 
Phil. Mag. 41, 309 (1921). ‘ 
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(37) given in the discussion of the Laue 
method. Except for the empirical pro- 


2.35 
portionality factor (2) mentioned in that 


discussion, the two equations rest on the same 
assumption, namely, that the amplitude of an 
x-ray beam diffracted by an atom is propor- 
tional to the first power of its atomic number. 

The discrepancies which have been noted 
above are not so serious as they might seem 
at first sight. As has been mentioned before, 
it is often sufficient to know only that certain 
lines in the diffraction pattern are more in- 
tense than certain other lines. Equation 
(41) is, therefore, an exceedingly useful 
equation. The cumulative evidence of even 
relative intensities is of great weight, and if 
the lines are so chosen as to represent several 
orders of diffraction for every family of planes 
belonging to two or three important zone-axes, 
the chance of a false interpretation is very 
small indeed. 

If the crystal contains only one kind of 
atoms (i.e., if it is a chemical element) then 
this equation is independent of any assump- 
tions as to the effect of atomic number on the 
amplitude of the component wavelets. In 


: : il 
such a case it gives a value of - whose 


accuracy is-limited chiefly by the accuracy 
(not reproducibility) of the intensity measure- 
ments of the different orders of diffraction 
and by the accuracy to which the intensity 
ratios are known for the simple structure. 


The value of “ so obtained will be very close 


to that required by some structure which is 
consistent with the symmetry characteristics 
of the crystal. It may in this way serve as a 
criterion between two structures which are 
equally consistent with the symmetry of the 
crystal. If the crystal contains two or more 
kinds of atoms (i.e., if it is a chemical com- 
pound) equation (41) is still ‘useful, but not 
always to the same extent as in the case of an 
element. By expressing the fact that atoms 
of high atomic number diffract x-rays more 
strongly than atoms of low atomic number, 
it makes it possible to determine in most cases 
whether a family of planes is composed of 
planes which are all exactly alike or whether 
it is made up of alternate layers of A and B. 
It is evident from an inspection of the equa- 
tion that if the crystal is composed of planes of 
A and of B it is difficult to distinguish between 
the composition of nearly equally spaced 
planes if the atomic numbers NV, and N, are 
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nearly equal. The equation is also insensitive 
if N., is very large and N, very small. In 
such cases, the Bragg plot gives no hint as to 
the complete solution of the crystal structure, 
for it tends to show only the positions of A. 
The exact determination of the location of 
B is therefore left in such cases to considera- 
tions of symmetry. As in the case of the 
Laue method, the Theory of Space Groups, 


especially as given by Wyckoff and by 
Astbury and Yardley,“” is useful in this 
connection as a means of insuring that no 
possibilities have been overlooked. Con- 
siderations of electrostatic equilibrium, 
cleavage, and etch figures are sometimes 
valuable in helping to decide between alter- 
native structures offered by the Theory of 
Space Groups. ; 


(To be continued ) 
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Part I, Nov. 1924 
p. 743: Footnote (1); change 1915 to 1924. 
p. 744: Footnote (5); change 1928 to 1924. 
Part II, Dec. 1924 
p. 799: Equation (25); the fraction 4 at the 
right-hand end of the expression is an expo- 
nent that applies to the entire right-hand 
side of the equation. ze 


p. 802: Equation (32); change 34 to a 


Part III, Feb. 1925 
p. 130: The Fig. No. and title beneath the 


lower illustration in the first column should 
have appeared beneath the upper illustration 
in the second column and vice versa. 


p. 182: Fig. 16; the axis in the plane of the 
paper to the right from O is the X-axis. The 
axis perpendicular to the plane of the paper 
shown to the left of O is the Y-axis. 


p. 134: first column, 13th line; change ‘‘spors’”’ 
to ‘‘spots.” 


p. 137: first column; 13th line; change 


\/ h?+k?+1? to 


JP -ETE 


(Photo by courtesy of ¥. T. Norton) 


Bragg Crystal Analysis Apparatus Made by the Department of Physics, 
Massachusetts Institute of Technology 
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New Fields for Radio Signalling 


By E. F.-W. ALEXANDERSON 


CHIEF CONSULTING ENGINEER, RADIO CORPORATION OF AMERICA 


The American public prides itself on its scientific sophistication. With each new discovery we find people 
saying on every hand ‘‘Ah, modern science can do anything.’’: It is a pity that such complacence should exist 
in the layman’s mind, for certainly it is absent from the mind of the scientist. And thus, while millions the 
world over have grown to look upon radio as a well-known household pet, the men who have spent years develop- 
ing radio communication realize that they are only at the threshold, and they gaze out into the future with the 


humility born of real knowledge. 


The vista is particularly interesting as here described by Mr. Alexanderson, who delivered the early part 
of the article as an address last month before the A. I. E. E. at Cleveland, and has since for publication in our 
magazine added the detailed explanation of the scrambling and unscrambling of waves.— EDITOR. 


Trans-oceanic communication has always 
been the force that developed and main- 
tained great civilizations. In classical times 
the great commonwealth of the Medi- 
terranean was held together by speedy ships 
communicating with Rome as a center. The 
modern commonwealth of the Atlantic Ocean 
has been held together by the telegraph cable 
system centered in London. 

The scene is now shifting and New York 
is becoming the financial and commercial 
center of the world. New York has now a 
well developed new system of communication 
reaching all parts of the world by radio. It is 
the growth of this world system of radio 
communication which I wish to bring to your 
attention. The Radio Corporation of America 
started operation in 1920, and the system of 
communication has already outgrown the 
experimental stage and become a_ public 
service on a large scale. It is difficult to 
convey by words the appeal to the imagina- 
tion which the development and operation of 
this world wide spider web of communication 
has to those engaged init. We had to develop 
transmitting stations and antenna systems, 


high-frequency alternators with accurate speed - 


control, high-speed modulation of the antenna 
current, high-frequency insulation withstand- 
ing voltages higher than those used in any 
power lines, etc. Atmospheric disturbances 
have been conquered by an antenna system 
capable of receiving all the different signals 
from all parts of the world, concentrating the 
operation of the whole system in one large 
room in New York. 

The aims of the engineers responsible for 
this system are largely the same as those 
operating a railroad; reliability, service and 
speed. Such aims have already been realized, 
but this does not mean that the development 
of the radio technique with relation to 
communication has come to a standstill any 
more than that we have a right to say that the 


steam locomotive will not be replaced in time 
by an improved form of tractive power. It 
does mean, however, that one of those 
phases has been reached in radio communica- 
tion which occurs in every engineering 
development, that the technique has, after a 
strenuous effort, caught up with the commer- 
cial requirements and is now enjoying a 
breathing spell, getting ready for new efforts. 
This stage was reached by the marine steam 
engine before it was replaced by the steam 
turbine. This stage has also been reached in 
electric power engineering. This is the period 
when the technical achievements of the past 
are capitalized and exploited. Technical 
development work is always done at a loss in 
the initial stages. If the engineering art did 
not have these breathing spells it could not 
proceed because in the first place the source 
of financial support would dry out, and in the 
second place the engineers would be tied 
down with details and would not have time 
for the fundamental research which paves the 
way for the next advance. 

Radio broadcasting has also within the 
last year settled down to a public service and 
a profitable field for commercial exploitation. 
The technique has reached such a degree of 
perfection that the greater part of the public 
is interested in radio because of the artistic 
enjoyment, information and education which 
it renders rather than for the chances for 
experimentation and invention which it 
offers. There is, however, a large and growing 
group of amateurs who pursue radio for the 
love of the art, and the art to them is not 
the performance in the studio but the techni- 
cal art of radio itself. Radio has enjoyed a 
greater following of amateurs than any other 
branch of engineering, and it is the thought of 
these amateurs that moulds the future, They 
are one step closer to reality than the imagina- 
tive writers, like Kipling and Jules Verne, 
who give us glimpses of the future long 
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before they can be realized. The amateur 
likes to anticipate what advances in the art 
may reasonably be expected within the next 
decade. 

When we try to anticipate the next sub- 
stantial advance, we must first take account 
of what new knowledge we have acquired in 
the last few years which we hope to exploit. 
The present day radio communication utilizes 
long waves. The propagation characteristics 


of those long waves have been thoroughly : 


explored and we know how much radiated 
energy is needed for communication over any 
distances day and night. We know how to 
build radio transmitters and antenna systems 
and we have learned how to 
control the effect of atmos- 
pheric disturbances under 
practically all conditions. nee 

The long wave follows. 
the surface of the earth and 
is subject to laws of attenu- 
ation which are by this 
time well understood. In 
the broadcast range of 
wavelengths, on the other hand, there is con- 
siderably more irregularity. Signals some- 
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times go through and sometimes not, depend- 
ing upon phenomena which are not under our 
control. Sometimes extraordinary distances 
are covered with very low power. 
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During the last year a number of long 
distance communication circuits have been 
introduced utilizing waves below 100 meters. 
Such circuits are now in operation between 
New York and Europe, New York and South 
America, and San Francisco and Hawaii. The 
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Graphic Diagram Showing the Re-transmission of Trans-Atlantic Signals 
Through Belfast, Me., to Riverhead, L. I., by Means of Scrambled Waves 


adoption of short waves for communication 
over long distances is contrary to the earlier 
well established experience in which it has 
been found that, the longer the distance, the 
longer should be the wavelength for giving 
reliable service. There are many indications 
that we are in the short wave field dealing 
with phenomena of wave propagation quite 
different from those encountered in the past. 
This new field of knowledge is being explored 
and promises to open up new and unexpected 
fields in radio. 

The short waves do not follow the surface 
of the earth and we have learned to launch 
the wave into: space like high angle gun fire, 
in such a way that it travels in the upper 
atmosphere and comes back to earth a great 
distance away. By travelling on this upper 
track, the waves are not subject to the 
ordinary laws of absorption. So long as we 
are working with earth-bound waves we 
must use long waves for long distances 
because the earth absorption of the long 
waves is comparatively small. When, on the 
other hand, we use high angle radiation with 
short waves we utilize a different form of 
wave propagation. These new tracks in the 
ether are being explored by systematic 
research work as well as by commercial 
communication. 

Thus a new phenomenon or law of nature 
has been established though we are not yet 
able to give an adequate explanation of it. 


. 
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The old theory of the Heaviside layer as a 
conducting and reflecting surface does not 
fit the phenomena as observed, but there is a 
more promising theory recently advanced 
by Sir Joseph Lamor explaining the curvature 
of the wave by a change in the refractive index 
of space caused by the presence of electrons in 
the upper atmosphere. 

It has taken many years to master the 
technique of the earth-bound waves so that 
we can now count on continuous and 
reliable communication. The curved space 
radiation with short waves will undoubtedly 
open up new and important fields for radio. 
We are utilizing it already in commercial 
traffic but it will probably be many years 
more before this is as thoroughly understood 
and mastered as the long-wave technique. 


Modulated Waves 
Lower Sideband 
Modulated Waves 
Upper Sideband 


Wavelength 


<imple Telephonic Modulation. 
The carrier and both side- 
bands are radiated 


The short wavelengths open up not only 
new paths for wave propagation but give us 
an almost inexhaustible scale of wavelengths, 
provided that we utilize it to full advantage. 
The following facts will make this clear. 
Almost all the trans-oceanic telegraph stations 
in the world are crowded into a wavelength 
band 10,000 cycles wide. This space in the 
ether is utilized nearly up to its ultimate 
capacity. But the short-wave field below 
100 meters includes ten million cycles; thus 
there is room for 1000 times as many messages 
as are now being handled by all the long-wave 
stations put together, and those stations are 
at present capable of carrying all the trans- 
atlantic and trans-pacific telegraph traffic of 
the world. To carry 1000 times as many 
messages would seem fantastic, but attempts 
of stating our dreams of the future in terms 
of the cold facts of today always lead to 
absurdities. 

As a matter of fact we would not have 
1000 times as many messages and if we did, 
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they would be of a very different character. 
But we have a new tool to do things with, 
and we must use our imagination as to what 
to do with it. 

Two years ago Mr. Owen D. Young, 
Chairman of the Board of Directors of the 
Radio Corporation, stated his conception of 
what radio ought to accomplish. He wished 
to press a key and—zip—a whole page of a 
newspaper would be flashed across the 
ocean. Acting upon this lead, we went ahead 
to see what could be done and in less than 
two years we had demonstrated picture 
transmission across the ocean. There is a 
long way between the transmission of a 
picture and the flashing of a whole news- 
paper but the art is rapidly moving in that 
direction. 
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Scrambled Messages 

An inspiring thought is always many years 
ahead of the event it contemplates. As 
an illustration of this, I wish to mention 
an important advance in radio which was 
conceived of long ago and has now been 
realized. In 1912, I visited the laboratory 
of Mr. John Hays Hammond, Jr., to make 
tests on two alternators of 100,000 cycles 
which he had purchased and installed, and 
we had some, to me, very inspiring conver- 
sations. We discussed the modulation of the 
antenna current, trans-atlantic telegraphy 
and telephony, control of airplanes and 
submarines, and Mr. Hammond outlined 
his idea of taking a variety of messages and 
scrambling them together, superimposing 
them on one transmitter and sending them 
forth by radio as a composite message, and 
then again unscrambling them into separate 
messages. 

Now after twelve years, we find a paper 
presented to the Institute of Radio Engineers 
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by Beverage, Hansell and Dean which tells 
just how this is done and explains the theory 
of the apparatus and its operation. 

This is what happened in the meantime. 
The fight against atmospheric disturbances 
and static has led us to build on Long Island 
a central receiving station with an aerial 
$ystem consisting of two antennas, ten miles 
long, joined by a transmission line. This 
seems like a large equipment but its cost is 
insignificant in comparison with the service 
it renders. This antenna system known as the 
Beverage-Rice system eliminates practically 
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all the static and intercepts on one antenna 
all the signals from all the stations in Europe. 
These signals are then automatically sepa- 
rated in more than a dozen receiving sets and 
sent over wire lines to the operating room in 
New York. 

There is only one kind of disturbance that 
this system does not practically eliminate, 
and that is a thunder storm in the neighbor- 
hood of the station directly on the line from 
which the signals come. To insure service 
even in this contingency, a similar large 
antenna system was built at Belfast, Maine, 
which would be immune to a thunder storm 
on Long Island, while the Long Island station 
would have a similar immunity to conditions 
in Maine. But the problem was, how to get 
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the signal down from Maine to Long Island. 
The authors of this recent paper show how 
by much painstaking work and many ingeni- 
ous new inventions this has been done, 
thereby realizing Hammond’s dreams of years 
ago. The signals from Europe are picked out 
of the ether in Maine, scrambled together 
and sent out by a single transmitter. This 


composite signal is then received on Long 
Island and unscrambled into a dozen signals 
which are fed into the long-wave receiving 
sets where they go through the usual process 
of detection and transmission to New York. 
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The signals so reproduced are exact replicas 
of the original signals, so that the operators in 
New York do not know whether they have 
received the original signals, or the scrambled 
and unscrambled signals via Belfast, Maine. 

Those who wish to thoroughly understand 
the process of scrambling and unscrambling 
of waves are referred tothe paper by Beverage, 
Hansell and Dean. The principle is simple 
enough after it is well understood but the 
subject can be grasped only by building up a 
mental.picture in several steps. 

Ordinary broadcasting is a transmission of 
a single message on a single carrier wave. 
This carrier wave is accompanied by two 
sets of modulation waves, one of a higher 
frequency, the other of a lower frequency than 
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the carrier wave. The frequency of the 
modulation waves differs from the frequency 
of the carrier wave to the exact extent of the 
tone pitch of the modulation. It is not 
necessary to radiate both the upper and the 
lower sets of modulation waves because one of 
the modulation waves will, by beat effect 
against the carrier, reproduce the signal. 
Ordinarily the antenna is slightly detuned 
from the carrier so as to favor one of the 
modulation waves. 

There is another method of transmitting 
radio telephony which consists in filtering out 
the carrier wave as well as one of the two 
modulation waves and radiating the remain- 
ing modulation wave. This method is some- 
times designated as suppressed carrier and 
sometimes as side band radiation. It may 
properly be called the ‘‘phantom carrier.”’ 
The advantage of this method of radiation is 
that it saves radiating power and saves the 
wavelength space that would have been 
occupied by the suppressed carrier and the 
suppressed modulation wave. The phantom 
carrier is made real again in the receiving set 
by a heterodyne oscillator and combines with 
the modulation wave received through the 
ether, thereby creating beat notes which 
reproduce the voice or musical modulation 
used in the transmitting station. For the 
sake of brevity we will characterize this 
system as transmission by phantom carrier. 

A departure in a different direction was the 
Hammond system of double carrier or 
double modulation. This. system uses an 
intermediate long-wave carrier frequency 
upon which the signal is superimposed by 
modulation. Then the long-wave carrier fre- 
quency is again superimposed as modulation 
frequency upon a short-wave carrier which is 
actually radiated. A message may thus be 
transmitted through a process of double 
modulation, the advantage of which is a 
high degree of selectivity and freedom from 
interference. This high selectivity is attained 
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in a way analogous to the superheterodyne 


receiver, though the intermediate frequency 
is introduced at the transmitting station. 

Mr. Hammond went still further by 
introducing a multiplicity of intermediate 
long-wave carrier frequencies each conveying 
a separate signal. The several carrier waves 
so modulated are combined and used as a 
modulation frequency for a single short-wave 
carrier. 

In the Belfast-Riverhead system, Beverage, 
Hansell and Dean have gone still further by 
applying the principle of phantom carrier 
transmission to the intermediate frequency 
of the Hammond multiplex double modula- 
tion system. 

The process of unscrambling consists in 
using a short wave detector which resolves the 
composite radiation into a multiplicity of 
long-wave signals. All the long-wave signals 
so produced are impressed upon a bank 
of long-wave receivers, each of which picks 
out its own message by the usual process of 
tuning and detection. This method of 
signaling by double carrier has the advantage 
of much greater utilization of the available 
wavelength channels in the ether. 

If, for instance, it is desired to convey a 


number of messages of the type of trans- © 


oceanic telegraph signals, the waves may 
be spaced 300 cycles apart. Ten such sig- 
nals when arranged to best advantage may 
then be confined within a wavelength band 
3000 cycles wide. When the double modula- 
tion system with phantom carriers is used, 
such signals may be conveyed by ten inter- 
mediate long-wave carriers, all confined to a 
wavelength group 3000 cycles wide. Let 
us furthermore assume that the short-wave 
carrier is 100 meters or three million cycles. 
We thus find that a waveband carrying the 
ten telegraphic signals may occupy only 3000 
cycles out of a 3,000,000-cycle carrier wave, 
that is, a waveband only one-tenth of one 
per cent wide. 
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Isocandles and the Asymmetric 
Lighting Unit 


By FRANK BENFORD 
Puysicist, ILLUMINATING ENGINEERING LABORATORY, GENERAL ELECTRIC COMPANY 


The usual method of plotting photometric data has been found to be inadequate for representing the 
light distribution from unsymmetrical or asymmetric lighting units. Because of this fact and the coming 
popularity of these units for suitable purposes, the author has developed a method of plotting their distribution 
of intensity so as to give a complete engineering description on a single curve sheet. A new word ‘‘isocandle’’ 
has been coined to aid in this matter, and a type of web has been adopted to permit a fairly accurate representa- 
tion of a spherical surface. On this spherical surface which is of course flattened out so that it can be printed 
on a page, the intensities of radiation are plotted as continuous closed lines, giving in general a chart likea 
topographic map of a hilly country. A mere glance at one of these diagrams gives a good idea of the nature 
of the unit, and in this respect the method is a considerable improvement over the older methods that required 
from nine to eighteen curves, often on separate sheets, to give less engineering information.—EDIrTor. 


Symmetric or One-plane Units 

A great majority of all lighting units give 
a distribution of light that is symmetrical 
with respect to a vertical axis. The sym- 
metry is not perfect, however, for small 
variations occur due to the form of the 
filament or the momentary condition of the 
arc, and to the inevitable variations in the 
various reflectors and globes that go to make 
up the unit. It is the practice in laboratories 
where accurate data is the aim to find the 
distribution of light in two or more vertical 
planes; but unless the variations from side 
to side are pronounced and of a definite 
character, it is customary to take an average 
of the several planes and issue a curve of 
“average distribution of light in a vertical 
plane.”’ It is only by this method that it is 
possible to compare different units accurately, 
- or even the same unit with different lamps, 
for it is often the case that the variation 
from side to side in a given unit is as great as 
the variation introduced by making some 
change in the unit itself, say by the intro- 
duction of a small internal reflector. It thus 
happens that the data of the ‘‘average plane”’ 
should have a better accuracy than can be 
expected from a plane selected at random 
and the word ‘‘average’’ should therefore 
indicate that the given data are photometric 
averages from a photometric exploration 
much more extended than the word plane 
might imply. 

Having properly determined the ‘‘average 
plane’’ data, this plane may be set at any 
angle provided it’is kept in correct axial 
relation with the unit, In computing illumi- 
nation along a line that does not pass through 
the axis of the unit, it is easy to consider the 
average plane as being rotated on its axis to 
bring it in line with the various points on 


a , ; i : 


the line of illumination. For purposes of 
presentation, the actual distribution of light 
(which could properly be represented by an 
irregular surface of revolution formed about 
the unit) is now represented by a line which 
can be rotated about the axis. Instead of a 
drawing in three dimensions corresponding 
to the surface of revolution, the drawing can 
now be made in two dimensions, and thus 
represents a great simplification without a 
serious loss in the graphic or picture value 
of the drawing. 


Asymmetric or Multi-plane Units 

The desire for higher illumination levels 
on street or highway for a given wattage has 
led to the design ‘of a number of units that 
have a marked asymmetry in their distri- 
bution of light. Thus in the illumination of 
a highway the road surface and the ditches 
are all that need be considered, and the side 
light that in the city is so useful for lighting 
up the lawns and buildings may here be 
directed onto the road. When this is done 
the photometric data lose the simplicity that 
goes with the single ‘‘average plane,’’ and 
a complete presentation of the characteristics 
of the unit require a number of planes. In 
the past it has been customary to test the 
unit in the vertical planes that contain the 
greatest intensity of radiation (Fig.1),and also 
perhaps, in a cone around the unit, selecting 
the conical angle so that the peak of intensity 


is again included (Fig. 2). These two explora- 


tions tell much about the unit but they leave 
much more untold. Nothing is more ag- 
gravating than to locate and explore in this 
manner the two beams of a highway unit 
and then have someone ask: ‘‘ What is the 
illumination along the fence line?’’ The 
question cannot be answered, and no general 
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question can indeed be answered from the 
data of the curves. The vertical plane 
passing through either of the peaks of in- 
tensity or beams does not coincide with the 
ditches, with the edge of the road, with the 
centerline or any other line in which we are 
usually interested. The “‘maximum plane” 
is here an isolated fact that is difficult to 
transform into road illumination, and further 
engineering analysis is quite thoroughly 
blocked. 

The complete photometric analysis of an 
asymmetric unit, using the word ‘‘asym- 
metric”’ to indicate any distribution that is 
not uniform in a given zone around the axis, 
requires testing in a number of vertical 
planes, and as a rule 36 planes spaced 10 
deg. apart are required. These planes each 


\ 
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Fig. 1. Distribution of Candle-intensity in the Maxi- 
mum Vertical Plane. These curves illustrate the 
difficulty of making a readable diagram of a narrow 
beam by the usual method of plotting 


include 180 deg. of elevation or from the 
nadir to the zenith. A few units have dif- 
ferent distributions in each of the 36 planes; 
a larger number of units are symmetrical in 
planes equally distant from a central plane. 
The highway reflector is an example of this 
latter type. Two beams at an elevation of 
81 deg. and separated by 180 deg. contain 
the greater part of the light. The plane of 
symmetry in this case crosses the road at 
right angles and planes equally spaced to 
either side give equal distributions. Nine 
planes 10 deg. apart starting from the plane 
across the road and extending around to the 
plane parallel to the edge of the road will 
give a complete photometric presentation 
of the unit. In such a photometric test, the 
planes equally spaced from the zero plane 
are explored (that is, on both sides of the 
unit) and the average results given. 
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If the intensities at every 10 deg. of altitude 
and azimuth are known, it may be said that 
the unit has been fully explored with a 
photometer and the next step is to plot the 
data so that they can be understood. Need- 
less to say, nine separate curves cannot be 
visualized and combined in mind so as to 
obtain a clear idea of the characteristics of 
the unit. The maximum intensity may be 
picked out and note made that it occurs at 81 
deg. elevation and 90 deg. azimuth, but this 
will be the sole information ordinarily gained. 
The next necessary step is therefore the 
combination of the nine curves into a form 
that will again have the element of unity, 
and which will be simple enough so that 
anyone interested in the subject can readily 


understand and use the data. 
. 


areas. | 


LOPS weN 
Fig. 2. Distribution of Candl2-intensity in the 80-deg. 
Cone. An attempt to read these curves at the point 


of 10 per cent of maximum intensity reveals a funda- 
mental weakness of this type of web 


Spherical Projection Web 

The ideal way of plotting the photometric 
distribution of an asymmetric unit would be 
on the surface of a large sphere centered 
about the unit. This sphere could be ruled 
off in degrees of longitude and latitude like 
a globe of the world, and it would then be an 
easy matter to plot on the sphere the tight 
received by each section. We might explore 
the sphere and find all the points illuminated 
to an intensity of say 1000 candles, and if 
these points were connected by a smooth 
curve it would show at a glance the distri- 
bution of this particular intensity. 

The difficulty with this method of spherical* 
plotting is its unsuitability for general use, 
such as the photometric curves receive. 
Therefore it is necessary to employ a plotting 
surface that is flat so that a sheet of paper 
can be used. 


— 
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There are several difficulties attending the 
transformation of a spherical surface into a 
plane surface but if certain sacrifices are made 
it can be done. In making maps of the 
world the cartographer has difficult work 
for if he tries to represent all countries in 
their proper shapes they will be to different 
scales, and if he plots all areas to the same 
scale the boundaries will be distorted. There 
are a number of map systems in common 
use, each of which gives a slightly different 


ISOCANDLE DIAGRAMS 


EXPLANATION OF WEB ANO METHOD OF PLOTTING 


ISOCANOLE MEANS A LINE OF EQUAL INTENSITY 
(IN CANOLES) PLOTTEO ON ANY APPROPAIATE WEB 
OR FORM 


KSOCANODLE CURVES ARE USEO OMLY FOR 
LIGHTING UNITS THAT GIVE AN ASYMMETRIC 
DISTRIBUTION OF LIGHT. 


SUCH UNITS USUALLY O/STAIBUTE THE L/GHT 
IN THE SANE MANNVER ON OPPOSITE SIDES 
OF A VERTICAL PLANE ACROSS THE ROAD OR 
STALLS 


THE INTENSITIES ON ONE SIDE ONLY OF THIS 
PLANE NEEO SE PLOTTED ALTHOUGH THE 
TEST /S MADE ON BOTH SIDES AND AVERAGED 


IMAGINE A HEMISPHERICAL SHELL PLACED 
ABOUT THE LAMP AS A CENTER ANO HAVING 
17S OPEN SIDE AGAINST THE ABOVE PLANE 
OF SYMMETRY. FIG.3 15 A SIDE VIEW OF 
SUCH A HEMISPHERE, LOOHING ALONG 
THE STREET. OR ROAD. FIG.4 /S A TOP 
WEW OF UNIT ANO HEMISPHERE 


ON THIS HEMISPHERE A CURVE /S DRAWN 
FOR THE POINTS /LLUMINATED BY /000 
CANDLES; ANOTHER FOR? POINTS /LLU/M- 
INATEO 8Y 1500 CANOLES ETC.ANO THESE 
CURVES ARE ISOCANOLE LINES AS SHOWN 
IN FIG. 5. 


THE HEMISPHERE /S THEN FLATTENED OUT 
TO MAME !T SIMPLE TO REPRODUCE ON FLAT 
PAPER, GIVING THE FORM SHOWN /N FIG 6. 


Figs. 3 to 6 inclusive with their accompanying descrip- 
tions contain the complete instructions issued with 
the introduction of ‘‘isocandles’’ and the spherical 
web 


balance between size and shape, but practi- 
cally all are incorrect in both these features. 
Fortunately for the illuminating engineer 
and his requirement, he does not care par- 
ticularly about distortion but (as will be 
discussed later) the matter of area is of 
vital importance. The webs shown in Figs. 
6 to 10 represent hemispheres in which there 
is considerable distortion of shape around 
the edges, but any section, such as that 
included between adjacent lines of latitude 
and longitude, is shown in its correct area. 

(1) A somewhat similar combination occurs in the word 


‘isobar’ used by the U. S. Weather Bureau on weather forecast 
maps to indicate points of equal barometric pressure. 


The descriptive matter beside Figs. 3 to 9 
gives a brief outline of the method of placing 
the hemisphere about the unit, but it will be 
realized that there can be no hard and fast 
rules relating the web and the light source. 
The asymmetric unit used in street lighting 
is designed to direct a beam of light up the 
street and another down the street. Each 
beam is directed outward from the curb so 
as to be centered on the street surface a 
hundred or more feet away. The unit may 
therefore be said to be right and left handed, 
and to have a plane of symmetry at right 
angles to the curb line. This plane cuts 
the enclosing sphere into two hemispheres, 
one of which is to be used as a plotting 
surface. 


Isocandles 

The word “‘isocandle’’ has been coined to 
indicate the type of curve here described. 
‘“‘Tso”’ has its usual meaning of ‘‘equal to”’ 
or ‘‘the same as,’’ candle has its customary 
meaning with respect to light radiation, and 
the combination of the two is here taken as 
a curve joining points of equal candle inten- 
sity. In Fig. 7 just above the equator a 
curve marked ‘‘300”’ crosses the web from 
edge to edge. The photometric exploration 
of this unit showed in each of the 18 
vertical planes a point of 300 candles inten- 
sity within a few degrees of the horizontal, 
or equator of the web. These points were 
marked on the spherical web and when 
connected by a smooth curve gave the 
line shown. A few degrees lower there 
is a zone of 400 candles intensity. These 
curves are closed, for they each extend 
around the entire sphere, the opposite side of 
which is of course similar to the one shown 
except for being reversed right and left. 

A zone of 500 candles passes to the left 
just below the horizontal around to 145 deg. 
(longitude) and then turns down and back 
to the right, so that in the hemisphere shown 
there is in this reversal of the curves evidence 
of a peak of intensity that does not extend 
completely around the unit. The isocandle 
for 1200 candles is a closed curve which 
marks the location of a peak of intensity 
about 14 deg. below the horizontal and 
25 deg. from a line directly across the 
street. The 1100 isocandle closes within a 
degree of the edge of the hemisphere, but 
the 1000 isocandle extends to the edge 
and has its turning point within four degrees 
of the plane of the curb. This unit might 
therefore be roughly described as giving a 
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fan-shaped beam 172 deg. 


by 50 deg. 


be of great service, but it contains 
about all the information ordi- 
narily given by photometric curves 
of this type of unit. 

Without paying any attention to 
the marking on the curves other 
than to note that the 1200 iso- 
candle is a peak and not a valley, 
an inspection of thediagram shows: 

(a) A fan-shaped beam about 
180 deg. wide extending over 
the street. 

(b) This fan of light is about 15 
deg. below the horizontal, 
or at an elevation of 75 deg. 

(c) There are two peaks of in- 
tensity. 

(d) Thedecrease of light is much 
more rapid above the fan 
than below it. 

(e) Around the horizon the in- 
tensity is not far from uni- 
form. 

(f) At an elevation of 30 deg. 
the intensity is not far from 
uniform. 

-(g) There is a general decrease 
of intensity from the plane 
of the curb around toward 
the houses. 

(h) There are several minor 
peaks of intensity in the up- 
per hemisphere, but on ac- 
count of their low intensity 
they areof smallimportance. 

Items (a) to (h) will be at once 
apparent to anyone familiar with 
topographic maps, but a closer in- 
spection will of course be required 
to determine the actual values in- 
volved and the precise intensity of 
the “‘peaks’’ outlined by the small 
closed curves. The actual maxi- 
mum will seldom be an even num- 
ber and therefore the maximum 
intensity, 1252 candles, is printed at 
some convenient place on the web. 

The isocandles are for differ- 
ences of 100 candles except that 
the 150-candle curve has been in- 
serted to fill in the large area 
between the two sets of 200 iso- 
candles in the upper hemisphere. 
A broken line has been used to 
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wide at about 
15 deg. below the horizontal, with two peaks 
of intensity of over 1200 candles separated 
This description is of course 
incomplete and not’ sufficiently definite to 
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indicate that this isocandle does not follow 
the regular spacing of 100 candles. 

A lantern type unit gives an isocandle plot 
that is highly characteristic. The ribs cast 
shadows and the various structural and 
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Fig. 7. Isocandle Diagram for a Unit that is designed to give added 
efficiency of projection to the surface of the street and at the same time 
avoid too great a concentration of light in any one direction 
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The effect of the ribs on the distribution of light is very obvious 
from the general appearance of this diagram * 


Fig. 8. 
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ornamental parts have effects on the distri- 
bution of light that are readily recognizable 
in the isocandle diagram. The isocandle 
plot of light distribution from one such unit 
is shown in Fig. 8. This line diagram is the 
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Fig. 9. The unit in this diagram concentrates all its light on one side of 
the plane of the curb, and most of this light is below the horizontal 
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Fig. 10. Diagram Representing the Complete Exploration of the Same 
Unit from which the Curves in Figs. 1 and 2 Were Derived 


standard and final form recommended for the 
visual representation of such data. 
the imagination can readily conjure a picture 
of the light distribution by visualizing the 
zones between isocandles as graded in light 


From it, 


and shade to represent the varia- 
tions in intensity. An actual ren- 
dering of this sort appears as the 
cover illustration of this issue, 
though in it every alternate iso- 
candle in Fig. 8 is omitted for the 
sake of simplicity, and the shad- 
ing progresses by definite steps 
rather than by the continuous vari- 
ations that actually exist. As will 
be noticed in both the cover illus- 
tration and Fig. 8, there are three 
complete peaks of intensity and 
two half-peaks included in the 
hemisphere, indicating a total of 
eight peaks corresponding to the 
eight panels. The valleys between 
peaks correspond to the shadows 
of the ribs and these valleys are 
traceable nearly from ‘pole to pole 
of the sphere. There are two 100- 
candle zones in the upper hem- 
isphere and the intensity between 
these zones is a region of inten- 
sities less than 100 candles but 
greater than 50 candles. This is 
evident from the presence of an in- 
serted 150 isocandle, indicating 
that if any intensities of 50 can- 
dles had been found they would 
have been plotted. 

A special case of light distribu- 
tion is illustrated in Fig. 9. The 
globe of this unit is silvered around 
an are of 180 deg. and there is 
therefore a wide region of total 
shadow. The plot shows the light 
to be confined within about one- 
third of the visible hemisphere, 
with a rapid rise of intensity from 
a definite and sharp cut-off or beam 
boundary. The isocandles are 
spaced 200 candles apart up to 
3000 candles. At this point the 
lines become more crowded and 
a spacing of 500 candles is used. 
The choice of spacing is obviously 
a matter of taste, and in this par- 
ticular case a uniform spacing of 
500 candles might have been better. 

As noted before, a closed curve 
may indicate either a region of 
high intensity or one of low inten- 
sity. At the bottom of Fig. 8 
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both kinds occur within a few degrees of one 
another. The 2000 isocandle lies between 
two 2200 isocandles, showing that it marks 
a region of low intensity or valley. The 2400 
isocandle is partially enclosed by the 2200 
isocandle and it therefore indicates a peak 
or region of high intensity. 

The unit giving the distribution of light 
shown in Figs. 1 and 2 was later retested in 
several additional planes and the results 
plotted in Fig. 10. On account of the wide 
range of intensities it was not thought best 
to attempt a uniform spacing of the iso- 
candles, which are plotted for 50, 100, 200, 
300, 400, 500, 600, SOO, 1000, 2000, 3000, and 
4000 candles. This particular unit is used 
under conditions that make the regions of 
100 and 200 candles intensity of considerable 
engineering importance, and this type of 
plotting allows the presentation of many 
facts that could not ordinarily be shown by 
the usual methods. 


““Maximum Vertical Plane” 

In the ca8e of a unit giving an asymmetric 
distribution, it has been customary to plot 
two special distribution curves. One of these 
has been called the ‘‘maximum vertical 
plane’’ because it has been selected to 
contain the point of maximum intensity. 
The plane as a whole may not show a maxi- 
mum average intensity and therefore the 
title is sometimes a little misleading. The 
unit in Fig. 8 might properly call for five 
different curves each in a vertical plane 
passing through a peak, of which there is 
one of 500+ candles, two of 600+ candles, 
three of 900+ candles, and two having the 
real maximum of 1025 candles. There are 
thus eight peaks, six of which occur in pairs 
and only five curves are required: The plot- 
ting of these curves from the isocandle 
diagram is readily done by first selecting the 
vertical plane that passes through the 
selected maximum (in this case the S0-deg. 
line of longitude) and noting the angular 
elevation of the crossing points of the various 
isocandles. 


“Maximum Conical Distribution”’ 

The second special distribution curve 
made for an asymmetric unit is in the cone 
containing the maximum intensity. In the 
case of Fig. 8, a cone at an elevation of 
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75 deg. passes through all eight regions of 
maximum intensity, and one conical distri- 
bution suffices. 


Web Areas and Lumen Values. 

One of the great disadvantages of the usual 
distribution curve is the almost total lack of 
scale relating the size of the curve to its light 
flux value. If ona given web such as in Fig. 
1, the intensities are reduced one-half the 
area shrinks to one-quarter; and in the 
particular case shown, the curve would 
become almost unreadable. Also, equal quan- 
tities of light directed along the axis of a lamp 
and distributed around the equator give 
curve areas that are enormously different. 
For example, 10 lumens in the zone from the 
axis to 10 deg. gives an intensity of 105 
candles, while the same 10 lumens uniformly 
distributed in a 10-deg. zone around the 
equator give an intensity of 9.2 candles, 
a variation of eleven to one, and a range 
that is practically impossible to plot with 
any accuracy in the ordinary way. On 
account of the small importance of the 
0-10 deg. zones, they have been omitted 
from the web in order to make room for 
other data. By the isocandle method the 
accuracy of plotting and reading is the same 
in all zones providing that the isocandles are © 
plotted by proportional steps for both high 
and low intensity. In the particular case 
of Fig. 10, this condition was approxi- 
mated and the reading accuracy is perhaps 
as good at all points as the nature of the unit 
permits. 

A direct result of the lack of scale in the 
area of the usual distribution curve is the 
great exaggeration of illuminating value 
given to the light near the axis as compared 
with light near the equator. This has fre- 
quently led to erroneous comparisons between 
un:ts, and among engineers familiar with 
this particular distortion it has led to a very 
positive demand for ‘“‘downward lumens,”’ 
‘“‘total lumens,”’ and other data that elimi- 
nates any need for using the area of the 
distribution curve as a measure of output. 
The isocandle diagram is in exact scale at all 
parts, and where a given intensity near the 
equator has more flux value than when near 
the poles the fact is plainly indicated by an 
exactly proportional relation between the, 
areas on the diagram. 
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Charles A. Coffin Foundation Awards to General 
Electric Employees for 1924 


We publish with pleasure the second 
annual list of General Electric employees to 
receive awards from the Charles A. Coffin 
Foundation. They are a_ representative 
group of men, located in many departments 
and in widely separated plants, and their 
unusual initiative has been applied to diverse 
fields within the Company’s scope. These 
men offer many examples of deep technical 
insight and moral courage. 

In any industry there are bound to be 
many workers whose cast of mind and 
pioneering spirit is such as to lead them to 
make important contributions to the arts 
from the practice of which they derive their 
livelihood. It is no more than fitting that 
such men should receive public acclamation 
and monetary reward for their special achieve- 
ments. 

The list of awards which follows brings to 
light one of the most fundamental laws upon 


which the progress of human nature is : 


based—the general law of change and desire 
for improvement. When a man _ becomes 
satisfied with things as they are, he, curiously 
enough, does not stand still, but actually 
drops backward. When, on the other hand, 
he comes to regard his environment as only 
relatively satisfactory, his innate inventive 
genius is stirred and progress results. While 


in general the majority tend to move with the . 


current and consequently to become a source 
of inertia to progress, the forward pressure 
imparted by the few who exhibit independence 


SHOP WORKMEN 


ROBERT BRINDLE, Experimental Machinist, Edison 
Lamp Works. Invented a bead feeding device in 
automatic machines, used in butt-seal miniature 
lamp making. 


Marco CEFALETTO, Scrap Department, Sche- 
nectady Works. Suggested a method of salvag- 
ing monel metal scrap. 


Joun FLAws, Jr., Experimental Machinist, Edison 
_ Lamp Works. Developed a machine for producing 
filaments for UV-199 radiotrons. 


WitiraM McNavcurton, Gang Boss, Punch Press 
Department, Schenectady Works. Improved the 
construction of enamel furnaces. 


RicuHarp S. Nassir, Oven Tender, Pittsfield Works. 
Suggested the installation of a conveyor system; 
thus eliminating the necessity for his job. 


of thought and action is sufficient to keep 
civilization in steady motion upstream. In 
our own case the electrical’ industry has 
received important contributions from the 
men named in this list. The state of the 
art is distinctly further along today as the 
result of the voluntary and unsolicited con- 
tributions of which we are about to make note. 

In looking through the list it is interesting 
to see the great variety of the citations. 
Fields of work are represented which at first 
thought would not appear to be within the 
realm of the electrical industry at all. The 
explanation lies in the fact that the manu- 
facture of electrical apparatus must be based 
not only on the principles of electricity but 
also upon a sound knowledge of physics, 
chemistry and mechanics. Research and 
development along the lines of practically 
every science are necessary to insure the 
fundamental worth of the electrical product. 
Thus we find awards made for the discovery 
of methods of manufacturing fused quartz, 
for improvements in automobile timing gears 
made from cotton cloth, and for important 
theoretical work on the metallurgy of steels. 
We find a man who learned to solder aluminum 
to copper, and another who has greatly 
reduced the time required in covering castings 
with a coat of paint. In short, the field is 
limitless and we cannot be surprised at any 
of the ramifications that we may find. 

The complete list of the Charles A. Coffin 
Foundation awards follows: 


BERTHOLD F. NIEDERGESASS, Quartz Worker, 
Thomson Laboratory, River Works, Lynn. 
Developed machine methods to replace hand 
methods in producing quartz tubing. 


GEORGE W. REDMOND, Enamel Wire Machine 
Operator, River Works, Lynn. Suggested an 
improved form of gas burner for enamel wire oven. 


THEODORE ALFRED RicH, Testing Department, 
West Lynn Works. Invented a method of 
soldering aluminum. 


Paut F. WAGNER, Mechanic, National Lamp Works. 
Developed a butt-sealing machine which greatly 
increases production and reduces the cost of seal- 
ing lamps. 

SAMUEL T. WILLIS, Taping Machine Operator, 
Schenectady Works. Produced and installed and 
successfully operated an adjustable paper guide 
for high-speed taping machines. 
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FRANK B. VAN SICKLE, Mechanic, National Lamp 
Works. Invented and developed an automatic 
device for use on Westlake bulb-blowing equip- 
ment. 


Epwarp D. Zink, Transformer Inspector, Pittsfield 
Works. Suggested improved method of anchor- 
ing low-voltage leads in distribution transformers. 


FOREMEN 


HERMAN O. GROTJOHANN, Screw Machine Depart- 
ment, River Works, Lynn. Improved the 
mechanical operations and the general usefulness 
of his department. 


Epwin D. Houcuron, Field Coil Department, 
Schenectady Works. Exceptional ability shown 
in performing his duties as foreman and in 
suggesting improvements in the design of field 
coils. 


GEORGE ILLINGWORTH, Development Laboratory, 
National Lamp Works. Developed an automatic 
machine of extraordinary efficiency for the 
production of butt-seal mounts for incandescent 
lamps. 


SypneY F. NerHaway, Testing Department, Sche- 
nectady Works. Displayed unusual skill and 
originality in improving painting operations. 


CHARLES PANTHEN, Shipping Department, Sche- 
nectady Works. Developed in an emergency an 
efficient waterproof packing material. 


ENGINEERS 


CHARLES BuRGESON, Minneapolis Office, who has 
been with the Company thirty-six and one-half 
years. Invented and designed a combination fuse 
and disconnecting switch. If any one of the fuses 
is blown all three blades of the disconnecting 
switch immediately open and the switch cannot be 
closed until the fuse is replaced. 


WENDELL L. Carison, Radio Engineering Depart- 
ment, Schenectady, who has been with the 
Company two years. Mr. Carlson, with Glenn W. 
Carpenter, was responsible for important develop- 
ments of the super-heterodyne, and for apparatus 
used for development and testing of catacombs. 
He designed and built apparatus based on the 
tube voltmeter principle to be used in developing 
the circuit. It is largely through his resource- 
fulness, initiative and untiring efforts that our 
Company has been so successful in its Radiola 
Super-heterodyne and Radiola VIII program. 


GLENN W. CARPENTER, Radio Engineering Depart- 
merit, Schenectady, who has been with the 
Company two years. Mr. Carpenter was respon- 
sible for the catacomb construction used in 
Radiola Super VIII and Radiola Super-hetero- 
dyne receivers. He also originated a semi-automa- 
tic curve drawing instrument used in testing these 
catacombs. The ‘“‘cat’’ concentrates the vital 
parts of an otherwise complicated construction 
into a small space where the transformer coils 
and other devices may be connected by means of 
their own small wires. 
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Puitie K. Devers, Electro-chemist, Thomson 
Laboratory, River Works, Lynn, who has been 
with the Company thirteen years. Mr. Devers 
has specialized on tungsten are and clear fused 
quartz development, and was eminently successful 
in solving the problem of fused quartz production 
in large clear masses, called ingots. He was also 
responsible for the experimental development up 
to practical success of a form of tungsten arc lamp. 


Epwarp H. FREIBURGHOUSE, Designing Engineer, 
Turbine Generator Section, A-C. Engineering 
Department, who has been with the Company 
fifteen years. Mr. Freiburghouse improved the 
ventilation of turbine-driven generators by groov- 
ing their rotors, thus reducing eddy losses and 
increasing the rotor surface for cooling purposes. 


Emit J. Guay, Designing Engineer, Fabroil and 
Textolite gears, River Works,, Lynn, who has been 
with the Company twenty-six years. Mr. Guay 
improved designs and processes used with textolite 
gears which have formed the basis of important 
patents. He developed moulded gear blanks as 
distinguished from gear blanks machined out of 
boards or squares, and developed a method of 
vacuum treatment for removing surplus bakelite. 


Isaac F. K1InNARD, West Lynn Works, who has been 
with the Company two years. Mr. Kinnard 
developed a series of copper-nickel-iron alloys 
that have a very large temperature coefficient of 
permeability, which have aroused the enthusiastic 
attention of engineers. He has been able to 
develop a measuring equipment, by. using these 
alloys, with which accurate results in measuring 
the characteristics of current transformers may ~ 
be obtained down to one per cent of load, with a 
lower burden on the transformer than has hereto- 
fore been necessary. 


TuHomMaAs H. MACCAULEY, Switchboard Department, 
Schenectady, who has been with the Company 
eight years. Mr. MacCauley devised a system of 
standardization of switchboard designs to main- 
tain greater uniformity regardless of where and 
by whom designed, and to reduce to a minimum 
the variety of copper details. He set out to doa 
stupendous task, determined to have it workable 
to the last detail before presenting it for considera- 
tion, and submitted drawings complete except for 
the G-E number. 


Jacos W. McNairy, Railway Equipment Engineer- 


ing Department, Schenectady Works, who has 
been with the Company eight years. Mr. 
MeNairy invented, and in connection with 
Louis W. Thompson, developed, an electrically- 
operated flowmeter for measuring steam, water or 
air. This instrument has since proved highly 
succegsful and a large order specifying it has been 
placed with the Company. 


Ronavtp\S. McNett, Edison Lamp Works, who has 
been with the Company for six years. With 
Albert L. Smith, Mr. McNeil developed a method 
of automatic gas control for changes in gas quality. 
It consists of an automatic regulating device which 
definitely controls not only the flame temperature, _ 
but alsa the position of the point of maximum 
heat. It compensates for changes in gas quality 
due to changes in specific gravity, constituents of 
gas, or B. T. U. value. 
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Levi B. MILuEr, Electro-chemist, Thomson Labora- 


tory, River Works, Lynn, who has been with the 
Company seventeen years. Mr. Miller worked 
out a process and apparatus for forming ingots of 
fused quartz into products such as long rods and 
tubes, demanded by the art, as in the construction 
of the ultra-violet lamp with the mercury arc. 


ALBERT L. SmitH, Edison Lamp Works, who has 


been with the Company for seventeen years. 
Mr. Smith, with Ronald S. McNeil, developed a 
method of automatic gas control for changes in 
gas quality. It consists of an automatic regulating 
device which definitely controls not only the 
flame temperature, but also the position of the 
point of maximum heat. It compensates for 
changes in gas quality due to changes in specific 
gravity, constituents of gas, or B. T. U. value. 


Louis W. THompson, Flow Meter and Regulator 


Engineering Department, Schenectady Works, 
who has been with the Company ten years. With 
Jacob W. McNairy, Mr. Thompson invented and 
developed an electrically-operated flow meter for 
measuring steam, water or air. The mechanical 
flow meter, formerly built, did not altogether 
harmonize with the general line of products 
manufactured and sold by General Electric. 


Harry W. Tosey, Pittsfield Works Laboratory, 


who has been with the Company twenty-seven 
years. He designed and developed machines for 
use in straight line and circular resistance welding 
for sheet steel tanks. They produced tighter, 
more reliable seams of greatly improved appear- 
ance, and welding can be done at substantially 
increased speeds and with greater comfort to 
operators, at a large cost reduction. 


Max A. WuitInG, Industrial Engineering Depart- 


ment, who has been with the Company nineteen 
years. He invented and developed a system of 
direct-current motor control known as the exciter 
system, which has revolutionized the operation 
of high-speed elevators. It provides greater 
security to the elevator when running at full speed 
and when approaching the limits of travel, and 
provides greater ease and promptness of landing 
at floors with required accuracy. 


COMMERCIAL 


C. A. ATHERTON, National Lamp Works, who has 


been with the Company five years. Mr. Atherton 
developed the theory and practice making possible 
the scientific design of electric signs of exposed 
lamp type, so as to assure attractiveness and 
legibility at specified distances. 


Henry G. IsseRTELL, Building Equipment Section, 


New York Office, who has been with the Company 
twenty-four years. He developed and placed in 
successful operation a plan for providing archi- 
tects and consulting engineers with working data 
on G-E products. Data were assembled in a 
special Data Book in ready reference form, and 
made such information as photographs and 
dimensions of apparatus easily available. 


Harry C. Meyers, Name Plate Engineer, Publicity 


Department, Schenectady Works, who ‘has been 
with the Company twenty-four years. Mr. 


Meyers produced an acid-proof and weather-proof 
name plate after laboratories had tried to do so for 
three years. Mr. Meyers developed a process of 
direct printing by lithography on an enamelled 
steel name plate, which is permanent under all 
conditions. 


HyLAn T. Plums, Engineer, Salt Lake City Office, 
who has been with the Company fourteen years. 
When the Castle Gate Mine disaster took place 
in Utah, Mr. Plumb went to the scene of the 
disaster and helped in the rescue work for six 
days. He initiated a systematic direction of the 
work at the mine portal through which bodies 
were brought from the mine, and organized a 
telephone service for rescuers in the mine. 


PERLEE A. SEXSMITH, Salesman, Industrial Depart- 
ment, Chicago Office, who has been with the 
Company fifteen years. Mr. Sexsmith, while 
visiting a customer in connection with a proposi- 
tion covering large centrifugal blowers, discovered 
a new application for flow meters. He called in 
a flow meter specialist and assisted in securing 
one of the largest orders ever received by the 
Company for flow meters. The new application 
was the measurement of air and sewage in a 
sewage disposal plant. 


L. WAKEFIELD SHuGG, Assistant to Manager of 
Conventions and Exhibits, Schenectady, who 
has been with the Company twenty-three years. 
He has reflected great credit upon the General 
Electric Company and materially increased its 
prestige by his tact, courage, and resourcefulness 
in his relations with other manufacturers, many of 
whom are active competitors of this Company. 
He served as director of all exhibits at the May, 
1924, convention of the N.E.L.A., at the 
request of the Association, and with remarkable 
success. 


WALTER C. Situ, Transformer and Meter Special- 
ist, San Francisco Office, who has been with the 
Company nineteen years. Mr. Smith arranged an 
unusual sales exhibition, which involved more than 
usual foresight and executive ability. He also 
made a clever design for increasing the secondary 
voltage on transformers rated 22000 /400-122 /244, 
although it was out of his regular line of duty. 


SPECIAL AWARDS 


CLARENCE C. BAILEY, Engineer, Railway Depart- 
ment, Schenectady Works, for presentation of the 
subject ‘‘Steam Railway Business,’’ in a paper 
read at Camp Commercial, July 2, 1924. 


GeorGE H. Carkins, Manager, Buffalo Office, for 
his presentation of the subject, ‘‘ Co-ordination of 
Effort,’’ in a paper read at Camp Commercial, 
July, 1924. 


CHARLES P. BLOOMER, Superintendent, Philadelphia 
Works, for his presentation of the subject, 
“Ritting a Man to His Job,” in a paper read at 
Camp Manufacturing, July 2, 1924. 


Joun St. LAWRENCE, General Superintendent, Erie 
Works, for his presentation of the subject, 
“Relation of Limits and Allowances to Cost 
Production,’’ in a paper read at Camp Manu- 

_ facturing, June 25, 1924. 
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Arc Welding 
Arc Welding in Power Plants. Warner, W. L. 
Power, Mar. 3, 1925; v. 61, pp. 336-338. 
Electric Arc Welding in the Steel Industry. 
Warner, W. L. 
Am. Weld. Soc. Jour., Feb., 1925; v. 4, pp. 9-17. 


Corrosion 


Causes and Controlling Factors in the Corrosion 
of Iron and Steel. Wood, W. P. 
Am. Soc. St.- Treat. Trans., Mar., 1925; v. 7, 
pp. 321-336. 
Electric Distribution 
Distribution System Engineering. Caster, J. H. 
Elec. News, Mar. 1, 1925; v. 34, pp. 59-61. 
(Author is Assistant Engineer, Hydroelectric 
Power Commission of Ontario.) 


Generating Sets 


Submarine Engines and Heavy-Oil Engine Electric 
Generating Sets. Holliday, P. A. 
Engng., Feb. 27, 1925; v. 119, p. 276. 
(Abstract of a paper read before the Diesel 
Engine Users Association, England.) 


High Frequency 


Effect of Oxidation on the High-Frequency 
Resistance of Aerial Wires: with a Note 
on Measuring the Resistance of Thick 
Wires. Turner, L. B. 

I.E.E. Jour., Jan., 1925; v. 63, pp. 149-153. 
(Presents results of tests.) 


Lubrication and Lubricants 


Lubrication of Electric Street Railways. 
- Lubrication, Jan., 1925; v. 11, pp. 1-12. 
(Includes information on railway motor 
lubrication.) 
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LIBRARY SECTION 


Condensed references to some of the more important articles in the tech- 
nical press, as selected by the G-E Main Library, will be listed in ,this 
section each month. New books of interest to the industry will also be 
listed. In special cases, where copy of an article is wanted which can- 
not be obtained through regular channels or local libraries, we will sug- 
gest other sources on application. 


Vol. XXVIII, No. 4 


Protective Apparatus 


Survey of Automatic Alternating-Current Pro-- 
tective Apparatus. Nuttall, B. 
I.E.E. Jour., Jan., 1925; v. 63, pp. 147-148. 
(Abstract of a paper read before the North- 
Western Students’ Section of the In- 
stitution of Electrical Engineers.) 


Railroads—Electrification 


St. Paul’s Electrification Shows Economies 
Over Steam. 
Rwy. Age, Feb. 28, 1925; v. 78, pp. 514-518. 
(Presents detailed statistics showing a com- 
parison of operating costs with electric 
and with steam operation.) 


Standards, Electric 


Insulator Test Specifications. 
A.I.E.E. Jour., Mar., 1925; v. 44, pp. 300-303. 
(Proposed standard specifications of the 
American Institute of Electrical Engi- 
neers. 


Transient Phenomena 


Power System Transients. Bush, V.and Booth,R.D. 

A.I.E.E. Jour., Mar., 1925; v. 44, pp. 229-240. 

(Presents methods of analysis of such tran- 
sients. Abridgment of complete paper.) 


Wattmeters 


Temperature Errors in Induction Watthour 
Meters. Kinnard, I. F. and Faus, H. T. 
A.I.E.E. Jour., Mar., 1925; v. 44, pp. 241-248. 
(‘An analysis and the development of a 
temperature-sensitive magnetic material 
suitable for compensation.’’ Abridgment 

of complete paper.) 


NEW BOOKS 


Circuit Troubles and Testing. Terrell Croft. 224 pp., 
1924, N. Y., McGraw-Hill Book Co., Inc. 


Connecting Induction Motors. Ed. 2. A. M. 
Dudley. 361 pp., 1925, N. Y., McGraw-Hill 
Book Co., Inc. 


Cost Accounting Theory and Practice. James L. 
Dohr. 631 pp., 1924, N. Y., Ronald Press Co. 


Electric Cables; Their Design, Manufacture and Use. 
William A. Del Mar. 208 pp., 1924, N. Y., 
McGraw-Hill Book Co., Inc. 


Elements of Statistics. Frederick C. Kent. 178 pp., 
1924., N. Y., McGraw-Hill Book Co., Inc. 


Graphic Analysis for Executives. Winfield A. 


Savage. 141 pp., 1924, N. Y., Codex Book Co. . 


Mathematics for Technical Students. E.R. Verity. 
468 pp., 1924, N. Y., Longmans, Green & Co. 


Scientific Research and Human Welfare. Franklin 
S. Harris and N. I. Butt. 406 pp., 1924, N. Y., 
Macmillan Co. : 


Statics, Including Hydrostatics and the Elements 
of the Theory of Elasticity. Ed. 2. Horace Lamb. 
357 pp., 1924, Cambridge, England, University 
Press. 


Switchgear for Electric Power Control. E. Basil 
Wedmore and Henry Trencham. 335 pp., 1924, 
Lond, Humphrey Milford. 


Technical Mechanics, Statics, Kinematics, Kinetics. 
Ed. 5. Edward R. Maurer and Raymond J. 
Roark. 364 pp., 1925, N. Y., John Wiley & Sons. 


APRIL, 1925 GENERAL ELECTRIC REVIEW 17 


The Foundations 
of the Oxide Film Arrester 


An eight years’ record— 20,000 arrester-years of 
experience with the station type alone—tells the 
PROTECTION— _ _ story of Oxide Film protection. Operating experi- 
ence merely confirms results obtained from tests. 


The Oxide Film Arrester has a cell nearly 23 sq. 
in. in area and 14 inch thick to take the discharge 

ENDURANCE— and dissipate the heat. The arrester with the 
highest heat-dissipating quality is least likely to 
be injured. 


No limit can yet be put on the life of the Oxide 
Film Arrester. Cells from the first units installed 
LIFE— show no material deterioration. Indications are 
that the life of the arresters will be at least as 
long as the life of the apparatus they protect. 
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Sizes 
14 to 10 H.P. 


TYPE 


GENERAL 


MOTOR 


“=a 


Characteristics: 


High Torque 
—Start 
— Acceleration 

“Pull Out” 
High Efficiency 
High Power Factor 
Low Starting Current 
Low Heating 
Excellent Commutation 
—Overload Capacity 
—Speed Regulation 


Quiet 
—Starting 
—Running 


Positive operation 
on low voltage 


Say you saz 
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the 
Single Phase Motor . 


with reserve power 


Most automobiles on smooth roads, once up to 
speed, pull the load. The “real car’ negotiates the 
big hills or heavy roads “on high.” 


The type SCR motor has the same reserve power, 
first to start then to accelerate the load up 
to full speed and finally to sustain that speed at 
overloads. 


GENERAL 


ELECTRIC 


COMPANY, SCHENECTADY, 


v it advertised in the GENERAL ELEctRIC REVIEW 
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ymmoolh acceleration 


se N 
oe Cn SCR in starting exerts a powerful twist 
or torque-3 times that required at full speed / 


« °o IY Ag ” 
Acceler. ATION... The SCR motor does not han§ at any point 


while accelerating, 
pi 


LAG J 
Pull up sewenueeves The SCR has a ‘pull up torque twice tha 
at full load 


ct WW 
Over load..... The SCR motor will sustain a heavy mom- 


entary overload without unduly slowing down 
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She Standard of Sraustormer Qualia 


a 


Satisfaction 


measured in years 


Millions of Type H transformers have 
been delivered to power and light com- 


This Tupe H, removed be- panies. 
causeitsload had outgrown 


its capacity, had given con- oq eqs P ; 
th pis rae for 48 G-E responsibility for satisfactory service 


years. After ‘‘cleaning and becomes an acute matter under such 
painting’ it was again 5, 
ready for the line. circumstances. 


Manufacturing standards and _ testing 
standards are necessarily strict and strictly 
enforced—not merely out of manufacturing 
pride but as an economic necessity. 


General Flaceaa Hence, the high “factor of safety’? as 
Company regards the length of service embodied in 
Schenectady, N. Y. Type H Transformers. 


17AB-1B 
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Less Noise 


Cool your generator air with 


Exclusive G-E Features 


Helically wound and shouldered 
copper fin designed formaximum 
heat transfer. 


Extremely simple multi-pass water 
box with removable cover plate. 


Individual tubes easily removed 
and replaced. 


Non*corrodible, muntz-metal tube 
sheets, one inch in thickness. 


Sherardized bolts and frame. 


Heavy, rigidly welded, structural 
steel frame. 


Simple, but rigid, tube support at 
center of tube bank. 


G-E Surface Air Coolers 


Noise from circulating air sometimes becomes 
serious. One plant was actually enjoined from 
operating due to the nuisance of noise in its 
locality. G-E Surface Air Coolers were installed, 
and operation was resumed. This was readily 
possible because the closed system confines the 
sound waves produced by the ventilating air. 


The G-E Surface Air Cooler, through the closed 
system, has these additional advantages: 


Fire insurance for generators 
Clean, dry generator air 

Waste heat saved for feed water 
Simple air ducts 


You can easily install G-E Surface Air Coolers 
for existing equipment. By all means include 
them in new installations. 


Bulletin 45609 


55-9B 
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GENERAL ELECTRIC COMPANY, SCHENECTADY, N.Y., SALES OFFICES IN ALL LARGE CITIES 


11-6-24 
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Quality in a switchboard 
depends on good wiring 


Stand back of any switchboard and you will see why 
good control wiring is essential to reliability. One 
loose contact or a broken wire can cause an 
expensive failure. 


Stand back of a G-E Switchboard and you will see 
that much importance is attached to this back-of- 
board workmanship. The control wire, wire cleats, 
terminals and terminal boards all meet the rigid 
standards that establish character in General Elec- 
tric Switchboards. 


More important than their good appearance—than 
the neatness that facilitates tracing connections—is 


the permanence that protects against costly shut- : 
\ downs and repairs. 


For quality, front and back, specify G-E Switchboards. 


22A-48 
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Steadfast Purpose 


HE most essential element of economical production 

and service in any field of industry is specialization. 
From its earliest conception The Maqua Company was 
organized with a steadfast purpose in view——Service to the 
electrical industry. 

The requirements of such a clientele are exacting and 
wide in scope. We have been successful in meeting the 
demand through the untiring efforts of a force of crafts- 
men especially trained to produce high-grade commercial 
and technical printing. 

For more than a decade The Maqua Company has 
been supplying service to manufacturers and dealers in 
electrical supplies and machinery. And when we mention 
Service to the buyers of printing we feel confident the word 
carries with it the prestige of prominence in the production 
of business-building printing. 


THE MAQUA COMPANY 


Offices and Plant located at SCHENECTADY, NEw York 


PRINTERS, ENGRAVERS and BINDERS to the ELECTRICAL INDUSTRY 
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The Second for 
Cahokia 


It will soon be duplicating the 
splendid performance of its 
counterpart which is now in 
service under a 35,000 Kw. Tur- 


bine at Cahokia. 


These C. H. Wheeler Con- 
densers are of the “DUAL 
BANK” type which deflects 
the hot condensate from the 
upper pass directly to the hot- 
well without refrigeration of 
the lower tube section. 


C.H.Wheeler Mfg.Co. 


19th St., Lehigh and’Sedgley Aves. 
Philadelphia 


“C,H. Wheeler of Philadelphia” 


PITITTIMIMI 
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CAPACITY 


the selling power 


of 
GURNEY BALL BEARINGS 


GURNEY BALL BEARINGS 
contain more balls of the largest 
possible size than other bearings, giv- 
ing increased capacity, more safety 
in operation and longer service. 


GURNEY BALL BEARINGS 
are made in Radial, Radio-Thrust, 
Duplex and Double-Row Types. 
These types, called the Maximum 
Service—Maximum Capacity types, 
are capable of greater carrying 
capacities than any other type of 
bearings. 


In addition to these types there is 
the Type “C’” Deep Groove bear- 
ing, capable of taking ordinary 
thrust loads from either direction 
in addition to a moderate radial 
load. 


There isa GURNEY BALL BEAR- 
ING to meet your needs. 


Marlin-Rockwell Corporation 
JAMESTOWN, N. Y. 


GURNEY 


BALL BEARINGS 
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APRIL, 1925 


i] 
c 


APRIL, 1925 GENERAL ELECTRIC REVIEW 


LIDGERWOOD MINE HOISTS 


ELECTRIC in all sizes STEAM up to 1000 H.P. 


Illustration shows a_ slope hoist, 


operating an underground incline 1700 
feet long. It has been in use by The 
Spencer Coal Co. for a number of years, 
and has given excellent satisfaction, both 


in service performed, and its wearing 
quality. 


We build mine hoists, both steam 
and electric, in types to meet every 
kind of mine service. 


CATALOGS GLADLY FURNISHED 
LIDGERWOOD MFG. CO., 96 Liberty Street, NEW YORK, N. Y. 


Chicago; Pittsburgh; Philadelphia; Detroit; Los Angeles; Seattle; Tacoma; Portland, Ore.; Columbus, O.; Brown-Marx Bldg., Birmingham, Ala. 
Sales Agents: Norman B. Livermore, San Francisco; John D. Westbrook, Inc., Norfolk, Va.; Woodward, Wight & Co., Ltd., New Orleans; 
Canadian Allis-Chalmers, Ltd., Toronto. 
Foreign Offices: Sao Paulo, Brazil; Rio de Janeiro, Brazil; London, Eng. 


One of its many 
electrical uses 


« —S { ee 


Where do you look to 
get your Hacksaw Costs? 


Is the invoice figure all you’re interested in or is 
the cost per cut—the thing that helps to set your 
manufacturing costs—taken into consideration when 


Insulation for Remote Control Boxes eee Hee 


—is a useof SPAULDING HARD FIBRE Starrett Hacksaws have earned a reputation among 
for which its electrical resistance is ample users for their long life, quick-cutting and uniform 
¢ ; p quality. If you’re cutting metal with a Hacksaw— 
- Branches: New and its price a cost-cutting factor. either power or hand—there’s a story behind Starrett 
PI . 
York City, Bos- These features also make it the ideal blades that’s worth knowing. 
CPhiledeinke material for fuse plugs, attachment plugs, Send for free 64-page booklet —‘‘Hacksaws and Their 
: se.” 


San Francisco, switches, parts for household appliances 


Los Angeles. and many other purposes. Also copy of Catalog No. 23 “KF.” 


THE L.S. STARRETT CO. 
World's Greatest Toolmakers 


Manufacturers of Hacksaws Unexcelled 
Steel Tapes—Standard for Accuracy 


ATHOL, MASS. 


HARD FIBRE Starrett Tools 


7681 


AULD N Samples and Prices on request 
Fibre, SPAULDING FIBRE CO., INC. 


Cc, 
STL 320 Wheeler St. Tonawanda, N. Y. 
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GALVANIZED STEEL STRAND 


Commercial Grade, Single and Double Galvanized. 
Siemens-Martin and High Strength Grades, Double 
Galvanized. 3-ply Wire for Special Purposes. 


FOR ELECTRICAL TRANSMISSION AND 
DISTRIBUTION—OVERHEAD RESISTANCE 


Double Galvanized Telephone and 
Telegraph Wire 


E.B.B. B.B. and Steel 


INDIANA STEEL & WIRE COMPANY 


Muncie, Indiana 


The Babcock & Wilcox Co. 


85 LIBERTY STREET, NEW YORK 
ESTABLISHED 1868 


Water Tube Boilers 


Steam Superheaters 
Chain Grate Stokers 


BRANCHES 
Boston, 49 Federal Street 
PHILADELPHIA, Packard Building 
PITTSBURGH, Farmers Deposit Bank Building 
CLEVELAND, Guardian Building 
Cuicaco, Marquette Building 
Detroit, Ford Building 
CincinNATI, Traction Building 
ATLANTA, Candler Building 
PHOENIX, Ariz., Head Building 
NEW ORLEANS, 521-5 Barrone Street 
Houston, Texas, Southern Pacific Building 
Datias, Texas, 2001 Magnolia Building 
DENVER, 435 Seventeenth Street 
SALT LAKk City, 405-6 Kearns Building 
SAN FRANcisco, Sheldon Building 
Los ANGELEs, 404-406 Central Building 
PORTLAND, OrE., 805 Gasco Building 
SEATTLE, L. C. Smith Building 
Havana, Cusa, Calle de Aguiar 104 
SAN JUAN, Porto Rico, Royal Bank Building 
Honovuty, H, T., Castle & Cooke Building 


Say vou saw it advertised in 


For small plant capacities where output cannot 
justify the expense of station operators, Pelton 
automatic devices insure continuous and depend- 
able operation. Remote control from a point several 
miles distant together with occasional inspection 
by patrolmen constitute the “attendance” charges. 


The illustration shows the interior of a 500-h.p. 
automatic plant operating in southern California. 
Felton engineers will gladly analyze details of any 
project involving equipment of this kind. 


THE PELTON WATER WHEEL COMPANY 
Hydraulic Engineers 
2981 Nineteenth St., San Francisco 100 Broadway, New York 


Associated Companies: Wm. Cramp & Sons Ship & 
Engine Bldg. Co., Philadelphia; Dominion Eng. Works, 
Montreal; Sociedade Anonyma Hilpert, Rio de Janeiro. 


Pe L_TOoOril 


USES OF FIBRE— 


Do you know them? 


1a building motors, generators, transformers, 
switchboards, trolley controls, electric ele- 
vator controls—-wherever step control is used, 
Diamond Fibre is especially needed. 


Diamond Fibre insulation has a dielectric 
strength of 200 to 400 volts per mil of thick- 
ness. It is dense and homogeneous. It can 
be sawed, punched, threaded, and turned. It 
does not break or crack under extreme 
twisting and bending. 

Our automatic testing machine tests every 
square inch of Diamond Fibre insulation before 
it leaves our plant. ‘‘Spots’’ are plainly 
marked. This insures a positive means of 
eliminating the use of defective material. 


Our Engineering and Laboratory Depart- 
ment will gladly send you further information 
on request. 


Diamond State Fibre Co. 


Bridgeport, Pa. Chicago, III. 
Toronto, Can.——London, Eng. 


Offices in principal cities 


The oldest and largest manufacturer of vulcanized 
hard fibre and laminated technical materials in 
the world. 


the GENERAL Exectric Review 


tw 
Ni 


APRIL, 1925 GENERAL ELECTRIC REVIEW 


DIAMOND 


SOOT BLOWERS 
for all types of boilers 


uw 


ENUS 
PENCILS 


17 black degrees 
3 copying 


he Z Largest Stig | 
Q wality Poncil in ‘s 


Save 4 to 8% fuel. 


Save labor and 
labor turnover. 


Modern draft- 

ing room standards 
demand a Pencil of 
Superlative Excellence. 


VENUS PENCILS are matchless 
for smoothness of lead; uniformity of grad- 
ing and durability of point. 
Plain end:, perdoz . . . . $1.00 
Rubber ends, per doz. . . . $1.20 
At all stationers, drafting supply dealers 
and stores throughout the world 
American Lead Pencil Co. 
213 Fifth Avenue, New York 


Send Samples VENUS degrees checked— 


Keep boilers on the 
line longer. 


DIAMOND 
POWER SPECIALTY 


CORPORATION For bold, heavy lines : ». 66°55B-4B-3B 
For writing, sketching . . 2B-B-HB-F-H 
For clean, fine lines . 2H-3H-4H-5H-6H 


10340 Oakland Avenue 
DETROIT 


7H-8H-9H 


For delicate, thin lines 


Name 


Address 


A UTILITY BRIDGE 
Type 193 


0 to 100 megohm 
scale. 500-volt 
direct-current 
hand generator 


“MEG” feaalation Tester 


Write for free Pocket Manual 1060-G 
on the Principles and Practice of 
Insulation Testing with Special Ref- 
erence to the “Meg.” Forty-eight 
pages containing data, description, 
charts and photographs. 


A bridge of wide utility both in research and 
in class work. 

For measurement of direct-current resistance 
and alternating-current resistance, inductance 
and capacitance at commercial and audio 
frequencies, 

A complete catalog describing our line of 
laboratory equipment will be mailed upon 
request. 


GENERAL RADIC Co 


Manufacturers of 
Radio and Electrical Laboratory Apparatus 
Massachusetts Ave, and Windsor St. 
Cambridge 39 peetrpecpeetes | 


Information regarding our complete line of “Meg” and\‘Megger” 
insulation testing instruments will be sent to anyone_interested. 
State types of apparatus to be tested. 


JAMES G. BIDDLE 


1211-13 Arch Street, Philadelphia 
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We Manufacture Every Known 
Carbon Product 


Automobile Brushes 
For Starting Motors and Lighting Generators. 
Carbon Brushes 
For Stationary Motors and Generators. 
Rotary Converters, Turbo Generators and 


Railway Motors. 
Carbon Electrodes 

For Electric Furnaces. 
Carbon Rings 

For Steam Turbines. 
Carbon Rods 

For Electric Welding. 
Carbon Plates and Rods 

For Electrolytic Werk: 
Battery Carbon 

For Dry Cells Aa Flashlight Batteries. 
Plate Carbons 

For Furnace Lining. 
Projector Carbons 

For Motion Picture Machines. 
Searchlight Carbons 

For Floodlighting and Intense Illumination. 
Studio Carbons 

or Moving Picture Studio Lighting. 

Carbon Tubes 

For Protective Casings. 
Carbon Contacts 

For Circuit Breakers. 
Carbon Discs 

For Telephone Equipment. 
Carbon Specialties 

For all other work. 


Twenty-five Years’ Experience 
SPEER —the name of quality 


SPEER CARBON COMPANY 
ST. MAR YS,9r Ac 


ENDURANCE 


UNEQUALLED 
PRACTICALLY PROVEN 
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LOWEST UNIT COST 
OF OPERATION POSSIBLE 


CENTRAL STATION CATERING 


For Ps Silk for 
I = 
Electrical nsulat 
] ing Finest 
Purposes 
Wire 


ALL KINDS BRAIDING SILK 


William Ryle & Co. 


381 Fourth Ave. NEW YORK 
Cor. 27th St. CITY 


FURNACES 


3000° C.—10 min.—carbon free 


AJAX-NORTHRUP 


high frequency induction 
furnaces. 
Write for G2 and $ 
wl iy 


Ajax Electrothermie Corporation 


New Jerszy 


G.H. Clamer, Pres. E. F. Northrup, Vice-Pres, 


FIRELESS WIRELESS 


The J. G. White 
Engineering Corporation 


Engineers—Constructors 


Steam, Water Power and Industrial Plants, 
Transmission Systems, Oil Refineries and Pipe 
Lines, Hotels, Apartments, Railroads. 


Reports and Appraisals 


43 Exchange Place New York 


“IRVINGTON” PRODUCTS 
Black and Yellow 
Varnished Cambrics Varnished Paper Varnished Silk 
Flexible Varnished Tubing 
Insulating Varnishes and Compounds 


“Cellulak” Tubes and Sheets 


IRVINGTON VARNISH AND INSULATOR CO. 
IRVINGTON, N. J., U.S.A. 


Sales Representatives in all principal cities 
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1925 GENERAL ELECTRIC REVIEW 


XECUTIVES of the 

Electrical industry will 
profit by communicating 
with these representative 
firms when in need of 
material, equipment, or 
expert advice. 


GENERAL 
KLECTRIC 
REVIEW 
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JOHN A.STEVENS 


Consulting Power Engineer 


8 Merrimack Street 


Lowell, Massachusetts 


SARGENT & LUNDY 


Incorporated 


Mechanical and Electrical 


Engineers 


1412 Edison Building 
72 West Adams St. Chicago, III. 


DwIGHT P RoBINSON & COMPANY 


INCORPORATED 


Design and Construct 
Power Plants 
Hydro-Electric Developments 
Industrial Plants 
Railroad Shops and Terminals 


125 East 46th St., New York 


Los Angeles Atlanta 
Rio de Janeiro 


Chicago Montreal 


Philadelphia 


PUBLIC SERVICE PRODUCTION CO. 


Engineers and Constructors 


Design and Construction of Power Plants 
Substations and Industrial Plants 
Examinations and Reports 


Valuation and Management of Public 
Utilities 


80 Park Place 


Newark, N. J. 


A. L. DRUM & COMPANY 


Consulting and Contracting 
Engineers 


Valuations and Financial Reports 
Construction and Management 
of Electric Railways 


230 South Clark Street CHICAGO, ILL. 


McCLELLAN & JUNKERSFELD 


Incorporated 


ENGINEERING AND CONSTRUCTION 


Power Developments, Industrial Plants 
Examinations, Reports, Management 


NEW YORK 
68 Trinity Place 


Philadelphia St. Louis 


Chicago 


THE FOUNDATION COMPANY 


Engineering Construction 
Steam and Hydro-electric Power Houses 


Dams 


Transmission Lines 


Industrial Plant Construction 
Superstructures as well as Substructures 


120 LIBERTY STREET 


CITY OF NEW YORK 


Offices in principal cities throughout the United States and abroad 
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Accompanying view shows one of Four : S M | aT: H 


single-runner, vertical shaft, cast iron scroll- 


case Hydraulic Turbine . Units now in | HYDRAULIC 


successful operation in the Tugalo Plant, my eine R Bl N E S 


of Georgia Railway & Power Co. 


Each turbine devel- 
ops 22,000 H.P. at 
171.4 Rev. under 150 
ft. head and is direct- 
connected to a 12,500 
kw. General Electric 
Generator. 


We have 
The Experience, 
The Resources, and 
The Manufacturing 
Skill enabling us 
to render REAL 
SERVICE. 


Ask our Dept. ‘‘G’’ 4 
for Bulletin of » 
Designs and Data 


S. Morgan Smith Coe York. Pa. 


eo ORRTING— 
BALANCED GEAR PUMPS 


for lubricating oils, fuel oils, and other viscous liquids. 
Designed for high pressures. 


Special balancing feature between gears elim- Er err Kies, Bene 
inates thrust on shaft and bearings. 


CHUTTE Ask our Jet 
= Department for 
GRIING Bulletin 17-A 
1196 THOMPJON Str L 
PHILADELPHIA:P” Driving Gear 


Now In Stock—At Nearest Distributor 


Link-Belt Silent Chain Drives 
From % to 10 H. P. 


EN many cities throughout the country, it is now possible to procure Link-Belt 
Silent Chain Drives ranging from % to 10 H. P., in practically any speed ratio 
from 1 to 1 up to 7 to 1, at attractive prices. ) 


This forward step could not have been 
accomplished but for the knowledge and 
experience gained in twenty-five years of 
manufacturing and applying Link-Belt 
Silent Chain Drives. 


Link-Belt Silent Chain Drive is the efficient 
connection between the motor and the 
driven shaft. It is 98.2% efficient (on actual 
test) and maintains its high initial efficiency 
throughout its long, trouble-free life. It is 
Thi Lenk Bas Stee tee ee compact, maintains positive ratio, operates 
is compact, durable, and 98.2% efficient | © long or short centers, and performs 
(on actual-tést) equally well in hot, cold, damp, dirty. ory 
Sage ee gritty places. 


Send for Book No. 725 and the name of 
- your nearest distributor. 


—_a a a oe oe oe oe ee ee ee ee ee ee ee ee ee All | 
, LINK-BELT COMPANY 1 
I Box 85 i 
‘ 
Middle Guide Insures the chain ; mista a siete! ay 
remaining on the wheels ' Please send me your Link-Belt 
y Silent Chain Stock Drive Book i 
as advertised. 6 
1 
he 1 
psNAMEW “22 fi H 
a 
Me ' 
: ; ee | ADDRESS i at oe i 
7 ' 
Elements of the Pin-Bushed-Joint construc- 4 7 
tion of Link-Belt Silent Chain. CITY = gig GlE. R. i ; 
Simple and effective ; Lame eS EE SSSR SS 


Some Choice Territories Are Still Open For Live Distributors 6 
LINK-BELT COMPANY, P. O. Box 85, INDIANAPOLIS 
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